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prkfAce 


Sand is ortf ctf the most abundant substances in the world ; its 
present and possible uses are multitudinous, and far floater than 
is generally realised, for, notwithstanding their abundance and 
usefulness, sflnds have been studied to a very limited extent. 
Like the clays, which are so complex in structure that few ehenysts 
care to4ti^dy them, and consist of such small particles that geologists 
and mineralogists can only investigate their properties with the 
greatest difficulty, sands have* largely been lyglected by the Univer- 
sities, and most users of sands have had neither the facilities nor 
the training to investigate them as fully as is desirable. This 
neglect, until comparatively recent years, of the systematic study 
of sands and other detrital sediments is the more unfortunate as 
•many £>f them an* of great commercial importance. It is now being 
increasingly realised that this branch of natural science presents a 
very*wide field which, if developed, will prove of untold value to 
the many industries connected with such materials. 

Special mention should, however, be made of Professor P. G. H. 
Boswell’s Memoirs on Sands suitable for Glass-making (Longmans, 
Green & Co.), and Refractory Sands for Furnace and Foundry 
Purposes (Taylor & Francis), which arc* excellent examples of 
thp valuable work i% aj/lied science which can be* done by an able 
investigator actin^jinder the auspices of a Government Department 
in connection witlia subject of this nature. 

These and numerous papers bv other investigators naturally cover 
only certain aspects of the subject, and, as there is no book in the 
English language which deals with the subject of sands and crushed 
siliceous rocks in all its aspects, it has, hitherto, been impossible for 
my owner of sand to ascertain readily for what purposes his material 
is suitable. Similarly, users of sand and allied nfcf^ials have not 
been able* without an excessive amount of labour, to ascertain the 
moat likely sources of material suitable for their requirements, or to 
f considei* whether methods of treatment extensively in ntJmr 
industries may be applied with advantage to sand. 



PREFACE 

The purpose of the present voluifles # Is to summarise a pon 
venienj fgrm siieiw geological, chemical, and minoralogical iaforma 
tion on sands as is likely to proven of value to those engaged in th 
digging, sale, and many uses of these materials, and special attentioi 
has been paid to the properties which ar<* respectively desirable ant 
Ifbrmful in sands used in various industries. It* is nopod *that, bi 
this means, fellers may find, suitable and possibly unexpect et 
purchasers, and users may ascertain what to look for and what t< 
avoid when ^rdering supplies of sand. 

As the nature of the many sands cannot be right ly # umlef stool 
unless their geological origin is appreciated, the various modes ir 
which sands have been formed are described somewhat fuM v. 

To facilitate the study of any particular product* and t* assist 
those readers whose interest is confined to certain chapters, a small 
amount of repet ition has been regarded as permissible, and numerous- 
cross-references have been inserted. 

In addition to the information gained in his practice as a con- 
sultant on various silicons materials, the author has, for many years, 
read all the leading British and foreign scientific and technical papers 
dealing wit h these subjects, and a considerable amount of information 
therein has been included in the present volume. All the relative 
British patent specifications have been examined, and the leading 
features of those which, in the author's opinion, are of valut* have 
been mentioned. 

The author has also been grcat-ly assisted by information willingly 
contributed by some of his clients, and by that obtained from a 
large number of other sources, which he has acknowledged as far as 
opportunity permitted. Since the subject covers so wide a field, 
and information concerning it is contained in so many publications 
not readily accessible to the* readers for wlid^n this volume is written, 
it has been considered undesirable to give fulf references, as these 
would occupy a large amount of space without* serving any pro- 
portionately useful purpose. 

In collecting the information contained in the following pages, 
the author has had the invaluable assistance of Mr. W. L. Emmerson, 
who has also read the proofs ; Mr. F. Stones has compiled the 
Index. To both these gentlemen, as w r ell as to other men\ber§ of 
his staff who tetjjp rendered assistance in other ways, the author 
is correspondingly grateful. 

ALFRED B. SEARLE. 


Sheffield 
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THE ORIGIN AND FORMATION OF SANDS* 

Sand is ^ term commonly used to indicate a material consisting 
of small grains of silica, in the form of quartz or quartzite, or of 
other minerals of a highly siliceous character, though some sandfi 
(such as those found in mineral placers) may contain very little 
of these constituents. It is also applied occasionally to other 
materials consisting of small irregular particles and possessing an 
appearance somewhat similar to sand. Thus/when firebricks are 
reduced to a moderately coarse powder the product is sometimes 
known as “ brick-sand,” and carborundum when similarly reduced 
to powder is sold as ” fire-sand.” In this volume, the term “ sand ” 
is used to indicate any loose, detrital, granular material occurring 
in •accumulations of Various kinds as a result of atmospheric, 
aqueous, ‘chemical, volcanic?, or organic? action, and of any size 
between*0 01 mm. and 2 mm. (g 0004 in.-0 08 in.) diameter, but a 
few other substances, in the form of granular powders are included, 
as they are commonly known as “ sands.” 

No precise limits can be stated for the size of particles of sand, 
and though the ones just mentioned are usually adopted, there 
must, of necessity, l>e some amount of liberty, as some materials 
known as sands contain particles less than 0 0 1 mm., whilst others 
contain particles larger ttai 2 mm . in diameter. This is particularly 
the case when the terni* sand ” is also applied to the materials 
obtained by crushing sandstone's and other rocks or to those 
obtained as by-products, in various industrial processes. 

The following definitions proposed by Seger are generally 
accepted as a “ standard ” : 1 

Silt .—All grains between 0 01 mm. and 0 025 mm. in diameter, 
washed out by a stream of water having a velocity of 0*7 mm. per 
second, 

Bust Sand.-— All grains from 0 025 to 0 04 mm. di®*eter which 
are washed oat by a stream having a velocity of 1 -5 mm. per second. 

Fipe Sand. — All grains between 0 04 mm. and 0-33 mm. in 
diameter. * 

Coarse Sand. — All particles with a diameter above 0-33 mm. 
# but Ifess than 2 mmf" 

1 The definitions given by other investigate rs^ll be found in Chapter V. 
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2 THfe formation of sands 

• •» ' 

Particles Smaller tlfon 0 01 mm. in 'diameter are usually termed 
clay , wnflst particles larger tl\an 2 mm. in diameter are ‘classified 
as gravel , the latter name being applied to particles up to 10 mm. 
in diameter ; for still larger pieces the terms pebbly or stones are 
generally used. • , 

It will be observed that the use of the term sand* is largely 
based on the physical prop^ties, and particularly on the sfze of 
the grains, rather than on the chemical composition of the materjpl. 
This distinction is important and should be borne in mind*, as it 
explains#vhy materials of widely different composition and* differing 
from each other in many other respects are all regfirdfcd as sands. 


THE FORMATION OF SANDS* 

Sands are produced by the disintegration of various rocks by 
such natural forces as wind and water, heat and cold, srfcc. They 
may be derived from almost all kinds of rocks, though they usually 
originate from highly siliceous ones. As the nature of a sand 
depends to a large extent on that of the rocks from which it has 
been formed, it is important to consider these briefly. 


IGNEOUS ROOKS FROM WHICH SANDS ARE DERIVED 

Modern geologists are now agreed that all rocks have originally 
been in a molten condition, though ft is improbable that an^ access- 
ible portion of the earth now remains in it# original condition, 
owing to the action of the weather and to movements in the earth 
itself. 

Rocks whose nature shows that they have passed through 
a molten state, and have afterwards become solidified, are known 
as igneous rocks ; they form the primary material from which 
all sands, clays, shales, and many secoj^ry rocks are produced. 
After being exposed to the weather, and to various chemical and 
mechanical agencies, they are converted iriilo secondary or sedi- 
mentary rocks, in a manner which is described in greater detail 
later. 

The primary igneous rocks appear to have been thrown out 
from the interior of the earth by violent volcanic action, or they 
have been injected (by pressure from below) into cracks and 
fissures in the earth’s crust, and in solidifying have formed ^ykes 
and veins.^aAlthough all igneous rocks are originally the result 
of internal pressure, and so are, in a broad sense, due to volcanic 
action, it is customary to divide them into three groups, the term 
“ volcanic ” being limited to those materials which have been 
thrown on to the surface of the earth in geologically recent titles. 
In this way igneous rocks may be classified"^ (i.) Plutonic rocks, 
(ii.) Hypabyssal rocks, *..apd (iii.) Volcanic rocks. Each of 'these 



PLUTONIC ROCKS’ 3 

divislbns ilTfurther classified according to thcfe* chemical composition 
as shown’ in Table I. , • 

Table I. — Classification of Igneous Rocks 


•i 

•f 

. 

. 

• 

Plutonic. 

Intrusive. 

1 Nature . 

Holo- 

Heinl- 

• 

crystalline. 

erystnlllne. 

~-r- 

► * - • 



I. Add* . 

granite 

quart/, fel- 


• 

site, el vans 

2. Sub-add . 

Syenite 
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Plutonic Hocks 

Plutonic rocks consist largely of aggregates of a coarsely 
crystalline character, the distinctive features of each variety 
depending on the predominance of some, one or more particular 
constituents. 

• Graniflc rocks are widely distributed, and form the principal 
mass of the chief mountain ranges, especially those in Northumber- 
land, Cifmborland, Westmorland, Devon, and Cornwall, in England, 
the Grampians in Scotland, and in Antrim and Wicklow in Ireland. 
They are mixtures of various siliceous minerals cemented together 
into a hard and compact mass, the; chief constituents being felspar, 
quartz, and mica, though leucitc, nepheline, free silica in various 
forms, and small quantities of various other silicates may also be 
present. 

Felspar is generally- the principal constituent, quartz being 
next in importance, and mica third. The quartz often surrounds 
and encloses less stable and less durable minerals, thus acting 
as a protecting agent. As all the most important constituents 
of granite are siliceous, the proportion of silica is very high, being 
usually over 66 and sometimes as much as 80 per cent. The 
specific gravity is about 2-65. 

Being the oldest of the accessible rocks, the granites are usually 
found beneath the others, but in many instances they have been 
thrown upwards by earth movements or uncovered DfVeathering, 
so that they also form prominent mountains and hills. Granitic 
rocks also form dykes and veins in sedimentary rocks of much later 
formation, or even in other granitic rocks. The material forming 
thjgoe veins and dykes is often somewhat different mineralogically 
from the main granitic mass from which it is apparently derived, 
and it often contains minerals not found in tne latter, such as 
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bery^ garnet, and otfher precio.us stones. Granite rScks ‘may, 
in fact, occur in any formation, and may be produced at any time. 

The accessory minerals found* in granite are sometimes in 
sufficient quantity to make them important, and many- types of 
granite are named after the particular accessory mineral which 
predominates. Thus, tourmaline granite contains toutmaline ein 
place of some of the mica, hornblende granite contains a considerable 
proportion of hornblende. Tnese accessory minerals give character- 
istic colours to the granite in which they occur, and consequently 
granitic #ocks from different parts of the country vary considerably 
in colour. Thus, granite from Devonshire and QprnVall is chiefly 
grey in colour, with a well-compacted grain, in which hornblende 
is very noticeable. Nearer Land’s P]nd, yellow porphyritic granite 
i is found containing large characteristic crystals qf felspar known 
qi s “ horse’s teeth ” ; whilst Shap granite of Westmorland contains 
large red felspar •crystals, and takes a beautiful polish. Scotch 
granites are usually bluish grey, and so is much of that m Ireland, 
though red granite is found in Galway and Donegal. 

As granites are rt^illy heterogeneous mixtures of certain minerals, 
they have no definite chemical composition, and in the same hill 
half-a-dozen varieties may often be found, the differences being 
due to variations in the compositions and the proportions of the 
various felspars and mica present in addition to the quartz and 
accessory mi nera Is . 

Syenites are an intermediate variety of plutonic rocks, con- 
sisting chiefly of felspar (pink orthoclase with some plagioclase) 
and hornblende, quartz being present in a much smaller quantity 
and only as an accessory mineral. They foam a group of rocks 
of varying composition, and bearing different names according 
to the predominant constituents. Zircon occurs occasionally in 
important amounts. 

Diorites are also intermediate rocks, and resemble grey granites 
in outward appearance. They consist principally of plagioclase- 
felspar and hornblende, together with Accessory augite. Quartz 
is sometimes present and may be an important constituent in 
acid diorites. * ** 

Gabbros are more basic than syenites and diorites, and consist 
of a plagioclase -felspar together with pyroxene minerals, containing 
high percentages of iron, lime, and magnesia, from which they 
derive the name of basic rocks. The particular variety of ferro- 
magnesian mineral present varies in different rocks ; accessory 
quartz also may be present. 

Hypabyssal Rocks 

Hypabyssal rocks are intermediate in structure between plutonic 
and volcanic rocks. Generally they are finegrained, but the J)$sic 
varieties are coarser. They are sometimes termed “ trap-rocks/’ 
on account of the fact that they usually occur as dykes ana igneous 
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intnfiions"~m other rocks. • They are widely distributed, form- 
ing, large* portions of the Cheviot, Welsh, and jVrbyshir? flills, 
and occur less extensively in I^icestershirc, South Devonshire, and 
Cornwall,, the Pentland and Lammermuir ranges in Scotland, and 
the bulk of *tHe Irish hills « in short, the chief districts occupied 
b^ the “ Qld Reel Sandstone ” and the “ Coal Measures." 

They rfire often columnar in form (cf. Giant’s (’a use way), and 
are undoubtedly of igneous origin, Imt some having been formed 
at great depths, some under the pressure of water, and others 
having^beeri re-fused and passed through more than one eruption, 
their texture «md character are naturally extremely varied, csjiecially 
as some of them nave been cooled mow rapidly than othtrs. 

Trap-rocks may be named, according to the predominating 
mineral, ,as augitic, felspathic, hornblendic, etc., or porphyritic 
when they are composed of the isolated crystals set in a crystalline 
magma. They are termed “ tuffs *’ when soft arid porous. Hoi lie 
soft earthy varieties are termed “ waeke.” 

The principal minerals in trap-rocks an? dark in colour (horn- 
blende being a black or dark green and augiU; black or dark brown), 
and their decomposition products are usual 1/ dark in colour, and 
are very different from the white or almost white clays and sands 
obtained from the Cornwall and Devon granites. The colour is 
largely attributed to tin* presence of ferrous oxide, which partially 
replaces magnesia in hornblende and augite, and contaminates 
the products formed by their disintegration. 

The principal varieties of hypabyssal rocks correspond to the 
plutonifc rocks and are largely porphyritic in character. 

Porphyry is a tqrm given to a large number of rocks consisting 
chiefly of a crystalline mass, in which larger individual crystals 
are clearly visible, as granite containing porphyritic crystals of 
felspar, or a felspar containing similar crystals of another felspar. 
Porphyries are formed when a fused mass containing more of one 
mineral than is required to form a eutectic is cooled ; the substance 
in excess forms the larger crystals, the magma being the eutectic, 
or substance of minimum melting point. The term porphyry is 
not by any means Confined to felspathic minerals, though most 
porphyries arc felspathic. It was originally confined to a definite 
red felspar found in Upper Egypt, but is now used to indicate so 
many minerals that it is better to consider it as indicating a 
definite physical structure or texture than as representing a single 
mineral. 

The principal hypabyssal porphyries are : 

Quartz-porphyry , felsite. or elvans corresponding the granite 
series and -consisting of quartz crystals embedded in a micro- 
crystalline mass of orthoclase- felspar. It is sometimes termed 
micro-granite *>n account of its resemblance to granite. Quartz- 
pyrphyries exist chiefly as intrusions or dykes in the overlying beds, 
but the term is also' used in Cornwall for fine-grained granites. 

Syenite-porphyry consists of fine-grained felspar, forming the 
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ground-mass *and containing isolated Crystals of biotiteSmd horn- 
blende? • • 

Diorite-porphyry consists of a t fine ground-mass containing 
crystals of plagioclase -felspar, biotite, and hornblende, quartz also 
being present in some cases, either as f*i accessory^ or as a cement. 

Dolerite ia a coarsely crystalline variety of basalt whitfh is ea^ly 
decomposed by saline solutions and by the action of the tyeathter. 

Felstone or Claystone is* composed essentially of amorphous 
felspar, but becomes felstone -pdrphyry when crystalline masses 
of felspar, are found in it. 

Volcanic Rocks 

Volcanic rocks to some extent overlap the previous section, 
but may be taken generally to include recent volcanic accumulations 
a8 lavas which, when cooled, form various trachytes, basalts, and 
tuffs of all kinds from glassy obsidian to a soft earthy r material, 
and in pieces of all sizes from large masses to the finest dust. This 
dust, when moist, often forms a kind of hydraulic cement, which 
binds scoriae, small stones, and sand into conglomerates, breccias, 
etc. Alone, it forms pozzuolana and trass. 

The following are the principal varieties of volcanic rocks : 

Rhyolite is a crypto-crystalline to glassy rock of similar chemical 
composition to granite ; it sometimes contains quartz crystals qnd 
clear felspar. , •* 

Trachytes are equivalent to the syenites, the ground-mass being 
felspathic and containing isolated crystals of felspar, hornblende, 
biotite, or augite. » 

Phonollte or Clinkstone are easily decomposable rocks having 
a ground-mass of sanidine and nepheline in which occur crystals 
of orthoclase-felspar, nepheline, and pyroxene. Lcucite may also 
be present. 

Andesite is a porphyritic rock having a felspathic groundrmass 
and including crystals of labradorite or^ndesine, together with 
biotite, hornblende, and augite. 

Dacite contains quartz in addition to other* constituents. 

Basalt is a dark brown rock consisting chiefly of plagioclasc- 
felspar and augite, together with magnetite and olivine. 

Varlolite and Tachylite are basaltic glasses. 

The Pitchstones are closely related to felstone, but have a 
vitreous lustre resembling pitch when broken. 

From the above it will be seen that the original igneous rocks 
from which others are derived consist of aggregations of crystals 
more or less cemented together to form compact vocks. The 
rocks are disintegrated under the influence of different natural 
agencies, forming detrital sediments of various kinds#* 

The character of the sediments produced will depend ,op : 
(a) the nature of the original rock, (b) its chemical composition, 
(c) the ease with which it can be disintegrated, and (d) the agencies 
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to \HiiclHlt is subjected. 'Thus, the saiKj, derived •from a rock 
containing a large proportion of 'felspar will tend *to be 9 fpl4i»thic, 
whilst that from a rock consisting of almost pure quartz will be 
a very *pure silica sand. The more detailed consideration of the 
nature and chemical composition of the minerals composing the 
original rqcks will be found in Chapter IV. 


FORMATION OF PRIMARY SANDS FROM 
IGNEOUS ROCKS % 

The agenciesf responsible for changes in rocks may J>e divided 
into two classes : 

(а) Hypogenie actions, which are the result of heat or chemical 
activity, and art) closely connected with earthquakes and volcanoes* 
Where they occur, minerals tend to becopie consolidated or ovsn 
crystallite and to form new minerals. These changes are sometimes 
known as Aetamor phases. When air or other gases, and super-* 
heated steam or other forms of water vapour, take part in these 
changes they are known as p ne u rnohyd roye n id ; or if air and other 
gases without water form the chief chemical agent, the action is 
said to be of a pneinnatolytic nature. The chemical and other 
changes involved are so numerous and so complex that no single 
term for the whole of them can be completely satisfactory, though 
Sif Charles Lyell’s term “ hypogenie *' (meaning “ formed under 
the surface ”) is convenient, as distinguishing all those changes 
which arc of an internal and ngt of a superficial nature. 

(б) Epigenic or surface actions are produced by the circulation 
of air and water, and to some extent by the alternation of heat 
and cold. Epigenic actions may conveniently be summarised 
under the term “ weathering. *’ 

Hypogenie actions are largely of a constructive nature forming 
new compounds, so that they only play a limited part in the 
production of sands, whilst epigenic actions, being in the main 
destructive, effect more directly tin* formation of sands. Thus, 
hypogenie actions appear to play the chief part in the production 
of some clays, but epigenic actions are usually, though not always, 
the chief producers of sands. 

The formation of primary sands may be stated briefly as con- 
sisting chiefly in the destruction of primary rocks by epigenic 
action, aided to some extent by hypogenie action. The loose 
aggregation of minerals, produced by the destruction of the bond 
in the, compact rocks, is further acted upon by mrious natural 
agencies tq form beds or deposits. When these beds or deposits 
are subjected to further weathering, secondary sands are produced 
from the priyiary ones. In such cases, one class of minerals is 
generally concentrated in one bed of sand, whilst another class 
ol minerals will form the bulk of another bed, which may be at 
some distance from the primary sand deposits. 
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Hypogenlg actions chiefly of value in the 'formation of £ands 
when* caus« such changes in* the chemical composition of the 
various minerals composing the rock as to render them more easily 
disintegrated by epigenic action, or when they cause splitting, 
cracking, or other physical disturbances in the primary rocks and 
so tend to render the latter less resistant to epigerfic actipn. Such 
changes have occurred chiefly during the cooling of tfi[e igneotas 
rocks after their discharge frlm the interior of the earth. Within 
the interior of the earth itself the materials cool so slowly thkt 
large crystals of felspar and other minerals can form, and probably 
float ab(*it in, a pasty liquid made up of fused minerals. * When, 
however, jj, mass of this pasty liquid is discharged by extrusion 
or volcanic action, the liquid portion cooks relatively quickly, 
with the result that crystalline matrices are formed, or — as in 
'many cases— a natural glass is produced. The eohrser portion is 
known as the “ p[utonic ” or slowly cooled phase, and the much 
finer crystalline or glassy magma is the “ volcanic ” o,r rapidly 
cooled phase, of the same material. In this way, the physical 
conditions of the minerals at the time of their discharge determines, 
to a large extent, whether they form granitic, hypabyssal, or 
volcanic rocks. The first named appear, to a large extent, to 
have been intruded into the overlying rocks in a pasty or almost 
solid condition. The hypabyssal rocks, on the contrary, appear 
to have been poured out in a semi-liquid form as lava, and to have 
cooled more quickly, whilst the lava from more recent volcaivc 
notion is still, in some cases, undergoing the rearrangement of 
its constituents, which is included in the term hypogenic action. 

The ever-changing internal preSsure of various parts of the 
3arth’s crust brings about important modifications in the nature 
ind characteristics of the rocks affected by it. Sudden upheavals 
:>r depressions of the ground may occur, and may result in serious 
changes in the physical character of the neighbouring rocks. 
Volcanic action may cover a rocky mass with lava, and the heat 
from this may cause a further change in the character of the rock 
itself, and the effect of enormous pressure (caused by large masses 
of other rocks being piled up on a particular bed of material) is 
usually to consolidate a material so much as to change it from a 
bulky, amorphous substance into a mass of compact crystals. 
In this way, many rocks have changed their character completely. 
The chemical action of various vapours and of substances in 
solution is also responsible for many changes in the composition 
of rocks. Thus, the action of subterranean vapours of fluorine 
and boron emanating from the fissures and joints in igneous rocks 
during the dyiTig phases of pneumatolytic action may cause changes 
(such as kaolinisation, and the decomposition of various calcium 
and alkali-silicates, such as felspar, mica, etc.) in such rocks, 
which will render them more easily disintegrated when subjected 
at a later date to epigenic actions. More recent investigations 
by Ussher and others appear, however, to support Vogt’s hvDothesis 
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that %arbortic acid was the principal, though probably tioj the only, 
gas involved in such changes. 

'The action of water containing other dissolved substances, 
when circulating through igneous rocks at great depths, may also 
play a considerable part the decomposition of these rocks, 
especially ^is the" experiments of Bogojwlenski and Tamilian have 
inaicated Jhat under a sufficiently high pressure all acids and bases 
are equally active. Moreover, J. M? ( oon has pointed out that 
tlfree jvell-known series of joints or fissures in the granite formation 
in the Hensbarrow district, in Cornwall, are so situated that the 
intertelTuric water will be in constant alternation according as the 
seasons are wet or dry ; and in flowing from one boss *of granite 
to another, much of the water will descend to great depths, and 
will becoqie heated and charged with such substances as are soluble 
under these conditions. Such water rising upwards and again 
infiltrating through the granite mass will tend* to decompose it, 
yielding panels and china clay as two of the most important 
products. 

Epigenic actions comprise all those changes in the composition 
and distribution of minerals which arc brought? about by the action 
of air, water, and ice in conjunction with climatic conditions, 
and which arc known as “ weathering.” Epigenic actions are of 
three main kinds : 

(a) Atmospheric agencies, including wind, frost, glacial action, 
ch/mical decomposition such as oxidation, carbonisation, dehydra- 
tion, changes in the colloidal state* due to heat or drying, etc. 

(/>) Agiteous action, including that of rain, sea, tides, currents, 
streams, rivers, etc. . 

(c) Organic action, including that of animals, vegetation, etc. 

In these, mechanical and chemical 'influences unite and ojjerato 
in a highly complex manner. 


Atmos ph eh ic A<; knot ks 

Air plays a very important part, in the* disintegration of rocks. 
Its action is partly ^mechanical and partly chemical. When dry 
it havS little chemical influence, unless the rocky material is rather 
moist, when oxidation often occurs, as in the conversion of greenish 
or black ferrous compounds into red ferric ones. 

Carbon dioxide is contained in air in very small proportion, 
hut the total quantity present is very great. This gas dissolves 
readily in water and forms carbonic acid, which combines with 
free bases or very weak salts in the rocks and forrys carbonates 
and bicarbanates. As a solvent of various minerals, its action 
is best considered in another section. 

Rapidly moving air (wind) disintegrates rock, partly by remov- 
ing the smaller particles and so exposing the remainder to other 
ageiicies. Its action is also abrasive, as it blows any loose materials 
agaiAst the rock surface and abrades it. In the form of a gale or 
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hurricane^ air moving tat a high speed* will often carry forge pieces 
of rotlffer a considerable distance', and may cause the disintegration 
of others by the hammering action the pieces it carries. Strong 
winds carrying with them inexhaustible supplies of sharp-edged 
grains form a natural sand-blast whose action* is the same as 
the artificial sand-blast used in many industries (st# Vol. II. 
Chapter XIII.) «, 

Many rocks of peculiar * shape have been produced by the 
abrasive action of wind-borne particles upon their surface. Typical 
examples of this action are to be seen in many parts of this ‘Country, 
as at tile Brimham rocks, Harrogate, the Bride •Stones, near 
Todmordon, and the Bride Stone, near Pickering. The Sphinx 
owes much of its present outline and polish to the action of a 
natural sand-blast. The abrasive action of sand and diyst carried 
by the wind against other rocks is one of the most important 
Weathering action** in hot, arid lands, such as deserts. 

Temperature changes in the atmosphere have a very important 
action in disintegrating rocks. The heat of the sun* transmitted 
through the atmosphere to the rocks, causes those near the surface 
to expand, particularly in tropical countries, and the contraction 
which takes place at night (when the temperature may fall over 
50° C.) is frequently a powerful factor in the breaking up of such 
rocks. The daily variations only affect the ground to a small 
depth, but the seasonal changes have a much greater influence. 
If water enters into crevices between pieces of rock and freezes, 
it will expand and so will tend to break the rocks by its pressure ; 
whilst if a rock is at all porous aiyi is saturated with water prior 
to freezing, the disintegration will be in ore complete. This action 
is more noticeable on higher ground, where soil does not gather, 
and in mountain ranges the cracking of the rocks in winter may 
frequently be heard. When large masses of rock become detached, 
an. avalanche or landslip is the result, and this mechanically causes 
a further breaking up of the rocks by the force it exerts in its passago 
to a lower level. 

The action of frost is particularly important in the Arctic 
regions, and at high altitudes, and in those pkices forms one of the 
most potent weathering agencies. The sharp and angular peaks 
characteristic of high altitudes are due to the shattering action 
of frost. It should be noted that frost works by disintegration 
and not by the decomposition of the rock. 

The atmosphere also has an oxidising action upon many minerals 
and aids in tho disintegration of rocks. Sulphides (such as pyrites, 
marcasite, an^i pyrrhotite) become oxidised, nitrates and carbonates 
may be formed, and these and other compounds are frequently 
hydrated, producing haematite, magnetite, and hydrated iron 
compounds such as limonite, goethite, and turgite # The sulphur 
in some minerals, when oxidised, forms sulphuric and other acids 
which also exert a chemical action and form compounds such as 
the alums and gypsum. Various metals are also affected by 
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weauiermg uuu prouuce o\ides and othe# compouncb! of little 
importance from the point of view of the student of sands# * • 

Snow and Ice are the mo^b potent weathering forces in very 
cold lands and at the highest altitudes. They have a mechanical 
action in disintegrating rocks which is similar to that exerted by 
rivers (p. # 12). The snow on mountains forms large masses or 
“ neltls,” and, as the lower portion melts, these masses slide down- 
wards — often with great speed — and* the resulting avalanches do 
serious damage to the rocks over which they pass. All the loose 
boulders in the path of an avalanche are carried downwards, and 
if the mass i« arrested by a projecting rock, its weight is'Viften so 
great that, in many cases, the stop is only temporary t the rock 
eventually gives way and falls with the snow into an adjacent 
valley. # 

Still more powerful in its total results is the snow which 
accumulates in the upper valleys. As its depth increases, the lowtr 
layers arc# com] tressed into ice and the whole mass becomes a flowing 
river of ice and snow. Such a “ glacier ” behaves very similarly 
to a river in its action on the land over which it passes, though 
its effect is more intense and its power of carrying boulders is much 
greater. As crevices or cracks form in the ice, huge masses of 
rock resting on the surface fall into them and slowly sink to the 
bottom. There they art 1 crushed and ground anti carried forward 
until the ice melts and most of its solid burden is left deposited, 
onfy the finest particles lading carried forward by the water pro- 
duced. The banks of a glacier art* not so rough and irregular as 
those of a river, but art; smoother and more rounded, the harder 
stones having curious scratching*! on them, which arc peculiar to 
glacier action. 

The chief products of glacial action are large deposits of 
(a) heterogeneous non-plastic material consisting of an irregular 
mixture of sand, gravel, and large stones, anti (b) a tough, plastic 
clay (known as Boulder (.■lay) which contains a considerable pro- 
portion of sand and gravel and a smaller proportion of ]>ebblcs. 

Aqueous Action 

The action of water in the form of rain, rivers, or the sea upon 
rocks is of three kinds — (a) abrasive, (b) solvent, and (c) a change 
in the colloidal state of the material (p. 18). By mechanical 
action water loosens crystals from a softer matrix, washes smaller 
or lighter particles away from the heavier masses, and by throwing 
one piece of rock against another it rounds thepj into almost 
globular pebbles. If water can enter Ijeneath a piece of rock it 
may, in time, loosen it and cause a landslip. 

Springs h^e an important epigenic action in many places, 
particularly near the coast, where it is usual to think of the erosion 
a! tfhe work of the sea. In reality, springs may do a large share 
of the work by loosening the soil and facilitating the later actiop 
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of the sea-water. This is particularly noticeable onMhe \;oast 
at Fflfy •(Yorkshire), in one part of which at every few hundred 
yards springs of water may be seeq, issuing out of the sandy cliff, 
causing fissures in the soil and preparing it to be washed away 
at the next high tide. # 

The solvent action of hot water on silicates is" relatively great, 
and hot springs frequently contain a large proportion of silica in 
solution, but the few warm springs in England are not of importance 
in the formation of sands. 

Rivers and Streams act chiefly as abrasive and transporting 
agents ill the disintegration of rocks.. The material enters the 
water in various ways ; it may fall in as the result of a miniature 
landslip, or after it has been blown away from its site* by a gale ; 
it may be washed in by the accumulation of many raindrops, each 
1 carrying its own grains of material ; or it may enter as the result 
of the stream undermining its bank, parts of which then fall into 
the water. „ 

On entering a stream, most fragments of rock arc’ angular and 
irregular in shape, but during their passage they rub against one 
another and against the Hoor and banks of the stream, and so 
become rounded (unless of unusual hardness) and ai’e gradually 
worn down. The particles thus removed form clay, sand, and 
gravel, and are carried forward more rapidly than the stones, 
which are either deposited at any point where the speed of the water 
is sufficiently reduced, or are carried onward until they reach \die 
sea. The distances through which the finest particles may be 
transported are exceedingly great. * * 

The amount of material transported by rivers is enormous, 
the Danube delivering some seventy million tons annually into 
the Black Sea. The amount of material carried depends on the 
volume and velocity of the water, and on the size, shape, and 
density of tile solid particles. D. Stephenson has ascertained 
that the bottom of a stream of water moving at the rates shown 
in Table II. will move the materials mentioned in the third column. 


Table II. —Size or Grains carried uy Streams 


Velocity 

Inches per Second. 

f Stream. 

— Material moved. 

Miles per Hour. 

3 

0-17 Fine clay. 

Of 

0-34 Fine sand. 

8 

0-45 Sand as coarse as linsoed. 

12 

0-68 Fine gravel. 

24 

1-36 Pebbles 1 inch in diameter. 

36 

2-05 Stones the size of lien’s eggs. 


Under experimental conditions in the laboratory, water floVing 



iCTION OF ‘SEA-WATEll 13 

• 

with a nutch lower velocity will carry away particles* o{ clay and 
sand in suspension. Thus, in tile mechanical analysis of &A\* it 
is customary to use a velocity of only 0-0072 in. per second for 
separatihg the clay, 0-28 in. ]>cr second for separating grains 
between 0 0004 juul 0-001 in. diameter, and 0-01 in. per second 
fo$ grains ‘between 0-001 in. and 0-0010 in. diameter. Stones and ,!i 
other insoluble solid substances appear to lose about half their 
weight when immersed in water, ana, consequently, large masses 
may be carried along by a stream which would not move them 
if they # Were not completely immersed. For this reason, also, the 
power of a stfeayi is greatly increased during a time of flodd, when 
both the volume and velocity of the water are much greater. 
Neither the surface velocity nor even the mean velocity of a river 
can be taken a^ a measure of its power of transport, but only the 
bottom velocity, that is, the rate at which the stream overcomes ' 
the friction of its channel. Hounded stones are^nost easily trans- 
ported ; 4lat* angular ones are moved only with difficulty, as they 
present less surface to the current. 

Owing to this continual grinding of the bottoms of streams 
and the undermining of the banks by the abrasive action of tin- 
stones and the solvent action of the water, the land through which 
a current of water travels is gradually cut away and forms gorges, 
chines, and valleys. A sudden drop in the ground forming the 
bottom of the river may form a cataract or waterfall, at the bottom 
or which the erosive force of the water will Ik- still greater ; the 
battering of the stones in the water gradually breaks down the 
weir and causes it to wear away slowly. Kivcrs thus tend to cut 
fissures and valleys in the land over which they pass, and also cause 
a levelling of the land over which they flow. In more level stretehes 
of country — particularly if its course is winding- a river often 
alters its direction somewhat rapidly ; this is due to frequent 
bends reducing the speed of the water and so permitting some 
of the sand, stones, etc., to In- deposited. At every change in 
direction of flow the water with its burden of minerals impinges 
on the bank and gradually cuts its way on the outer edge in the 
bend of the stream*, and as the sjn*ed of the stream is reduced 
at the inner edge of the bend, some deposition of material takes 
place. If the river cuts through the outer edge of the bend more 
rapidly than the matter which is displaced is deposited on the inner 
one, a short-cut channel is formed and a large portion of the original 
course, sometimes amounting to several thousand acres, is left dry. 

Whilst all British rivers flow directly or indirectly into the sea, 
Which thereby becomes the great receptacle for the nyneral matters 
carried by them, there is an enormous proportion of sand and gravel 
which never reaches the sea, but is stopped at various points along 
the banks of®the rivers, as just explained, and when the course 

Jthe water has changed, these deposited materials form beds 
which are of great value on account of the sand which they contain. 

&ea-water produces a similar effect to rivers and streams ; 
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but as its Relative mo\«ement is very sriiall at great dcpftls, a fhuch 
greats? wnount of deposition of mineral matter takes place. The 
force of the sea as a grinding agent in far greater than that of rivers 
and streams. Huge blocks of rock are churned and ground as 
in a monstrous mill and are reduced t« pebbles and finally to sand 
and clay. The tide causes an almost incessanl battering apd 
washing away of material from the shore, and this is carried towards 
the more slowly moving pairs of the ocean and there deposited. 
The actidh of the tides is most effective in the crevices between 
the rocks into which the water enters with almost explosive violence, 
at a pressure of two tons or more per square foofc Caves are 
hollowed nut by the direct mechanical action of the water and of 
the boulders which it hurls against the shore during storms, and 
the enormous quantities of pebbles and sand around the coast 
form eloquent testimony to the force and power of marine action. 
The result of the action of the sea through countless ages has been 
the destruction of whole continents and the redistribution of the 
rock masses into new forms of material, which can scarcely be 
recognised, so greatly have they been changed. 

Tidal and other ‘ocean currents are also important agents in 
breaking up and transporting rocks and in sorting them into 
particle's of varying sizes and densities. In addition to the sand 
produced by the action of water on rocks, some sand is produced 
by the action of the sea and other water causing shells to ^ub 
constantly against each other when moved by the water ; sutfh 
shells are gradually ground to powder, forming what are known 
as “ shell sands ” (p. 35). « * 

Rain is the principal weathering agent in humid and temperate 
climates. Its action is due to the fact that on falling on to a rock 
it removes some of the ingredients by solution, and often leaves 
a crust of a soft and friable nature on the rock. This crust may 
be washed away by later rains and carried by the resulting streamlets 
for such a distance and deposited in such a manner that the various 
minerals removed may become quite separated from each other 
and may be deposited each in a relatively pure state ; the larger 
pieces will be near their source, the sand will bfc graded into several 
degrees of fineness, and the clay and line silt will be carried away 
from the rest of the material. This disintegrating action usually 
commences along any cracks or joints in the rock, these being 
particularly favourable to its destruction. In some cases the 
action is so marked as to make it appear as if the rock had been 
worn down by a river or stream. 

Somo rocl^, such as dolerite and basalt, on weathering form 1 
spheroids, each having a succession of weathered ♦rings. An 
unstratified rock having no fissures or cracks is much less easily 
weathered than a stratified rock, as the lines of stultification are 
lines of weakness and enable the weather to act quite rapidly; 
the joints are first corroded and cause the rock to break into large 
blocks and then to disintegrate still further, forming loose, incoherent 
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sand?. Tiff 4 rate of weatheHng depends chiefly on the # nature of 
the rock ‘and on the character of the weathering ageneiek? In 
some cases a perfectly fresh surface is exposed, as in the ease of 
limestofles, whilst in others a thick crust of partially decomposed 
matter may cover the rock, ,vus in the case of dolerites and basalts ; 
thjs crust, partly protects the undecomposed rock and impedes 
its farther disintegration. The rocks which are most resistant to 
weathering are those* which consist of 'particles of an inert character 
cemented into a mass which is difficult to disintegrate mechanically. 
Siliceous sandstones are amongst the most jiermancnt rocks, as 
they consist almost wholly of quartz with a siliceous eerneht, both 
of 'which are exceptionally resistant to weathering* Where, 
however, the rock is bound bv a less resistant cement, such as one 
of a ferruginous^ calcareous, or argillaceous character, disintcgrutioi: 
is much more rapid ; the cement is more quickly removed, and ii; 
its absence the remainder of the rock falls to ^pieces, forming *u 
loose, inc*>he,rent sand. 

The chief action of rain water is that of a solvent, whereby 
it dissolves some of the constituents of the rock and removes then 
in solution, and this permits of the easier removal of the remainder 
by wind or by the mechanical action of water. This action is 
easily seen if the surface of a granite, rook which has boon exposed 
for a long time be examined ; the quartz crystals will stand out 
clearly, whilst, the? felspars have been corroded. This is due to 
the siightly acid character of rain owing to its containing carbonic 
acid in solution. When its action is long continued, as in rocks 
which tfre constantly exposed to the weather, the felspar is broken 
down, some of the alkalies being dissolved out as carbonates and 
carried away in solution, leaving a certain amount of silica free ; 
the strength of the rock is greatly reduced in this way and the 
grains are loosened, the action being further hastened by the fact 
that water containing sodium or potassium carbonate can dissolve 
silica and thus can remove some of the silica present in the felspar. 
In time the rock becomes entirely rotted and many of the felspar 
crystals are loosened and washed away from the quartz. In due 
course the quartz crystals will also fall away as their cementing 
medium or matrix is dissolved. 

In this manner water lirst acts as a solvent in “ corroding ” 
the rock and afterwards mechanically removes the decomposed 
material, which would form a protective covering for the general 
mass of rock. The rain, however, keeps the surface of the rock 
comparatively clean by washing away much of the “ corroded ” 
material and thereby facilitates continued action. a 

Where «uch “ corroded ” rock material is deposited close to 
its source, having been transported only a short distance, it is 
sometimes ki*>wn as arkose. It consists practically of the same 
itinerate as the original material, though some of the finer grains 
(as ‘of china clay) and some of the soluble substances may have 
been removed. 
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If any.oxidisable naterials are pi'esent they will fefe oxidised 
by cdfftact with rain water, or, if the latter contains much humus, 
some oxides may be reduced. The loosened particles are then 
washed out mechanically by further supplies of water as previously 
stated. • 

The general result of the action of water (of whatever nature) 
is to wear down the higher portions of the earth’s surface, to grind 
down the large masses, and*to transport the ground material ,to 
a lower level. Some of this material is carried in solution (as salt 
in sea-water), but by far the greater part of it is borne mechanically 
by the moving water. As soon as the velocity, of* the water is 
reduced some of the heavier particles begin to sink, stones and 
gravel settling out first, then the sands of varying coarseness or 
fineness, and finally the silt and clay. 

The process of decomposition of granite rocks by the solvent 
afttion of water— especially of w'ater containing acid in solution — 
is known by the general name kaolinisation, as one of "the most 
important commercial products is kaolin or china clay. The felspar 
in the granite, when subjected to the solvent action of water, 
yields kaolin and free silica, the potash and some of the other 
bases being removed in solution ; the particles of quartz, mica, 
etc., arc thereby loosened and can be separated by exposing the 
rook to a stream of water. As clay consists of much smaller 
particles than sand, the clay is more readily carried away : in 
suspension in the water, whilst the larger particles remain as “ sand ” 
and fragments of imperfectly decomposed rock. Whilst it cannot 
be supposed that such kaolinisation is the source of all primary 
sands, it is of sufficient importance to warrant further investigation. 
It is often followed by a process of separation, in which, as already 
indicated, the clay is wholly removed and re-deposited at a distance 
of several miles from the original location of the undecomposed 
rock. It is very difficult to estimate the precise importance of 
kaolinisation as one of the original causes of the formation of 
sands from igneous rocks, as the subsequent processes of Nature 
which have occurred have, in most cases, destroyed all vestiges 
of the original rock. 1 

The solvent action of water is of great importance in the 
disintegration of many rocks. There is scarcely a mineral w r hich 
is not slightly soluble in water, and many substances are dissolved 
readily, so that the contact of water with rocks is certain, in time, 
to remove some of their constituents. If the water contains any 
acid (as carbonic acid derived from the air) or other chemically 
active material, its action is greatly increased. Thus, chalk and 
its related rocks are scarcely affected by pure water, butf are readily 
dissolved in water containing carbonic acid . Under some conditions, 
rain w'ater containing carbonic acid can also decompose certain 
silicates and render them soluble. # 0 

Many siliceous minerals, such as felspars, hornblende, olivine, 
muscovite, etc., are attacked by carbonated water and are gradually 
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decorflposetfj liberating alkalfes, free silica, ete. Soine*of#the # ijjilica 
is dissolved and carried away in solution and deposited as jf cement 
in other rocks. The soluble carbonates produced by the action 
of carbotiated water on rocks are precipitated in lakes or in the 
sea and produce limestones, dolomites, etc. 

The presence of minerals rich in iron is a frequent cause of the 
disintegration of rocks, the iron being <aidiscd and partly dissolved, 
thus rendering the remainder of the mass more readily disintegrated. 
Any rock rich in lime may have its lime converted into carbonate 
and removed in solution. Sulphides may lx* convert^ into 
soluble sulphates pnd sometimes into free sulphuric acid. 

Many spring and well waters are ric h in dissolved salts rtf various 
kinds, such as the medicinal waters of Harrogate, Bath, etc., the 
various chalybeate (iron-containing) waters, and the “ hard ** 
waters which are heavily charged with calcium bicarbonate ant( 
mlphate formed by the action of dissolved catbon dioxide on 
imestone tir yhalk and by the solvent action of water on gypsum. 
• ^ea -water owes its saltness to the materials which have been 
dissolved out of various rocks and have beep delivered to the 
sea by streams and rivers. As the various sens have no outlet 
except by the evaporation of the water (in which case the dis- 
solved salts are not removed), sea-water must continue to increase 
in saltness. 

Frequently water dissolves out certain constituents of a rock 
without altering the crystalline form of the mineral, yet completely 
changing its composition. In such minerals (termed pHnidomorph*) 
clay may* take the form of rock -milt, silica that of wood, and many 
other striking examples might lx* mentioned. 

The chemical action of water on mineral substances (hydrolysis) 
has been studied much during recent years. It is now recognised 
that water contains free hydrogen-ions (H) and free hydroxyl- 
ions (OH) under certain conditions, and that its dissociation into 
these two kinds of ions is sufficiently powerful to decompose certain 
minerals such as mica, felspar, etc., and thus to produce alkaline 
solutions. 

The action of theVater may lx* represented in the case of a 
simple silicate by 

Na 2 Si0 3 + 2H • OH - H 2 Si() 3 + 2NaOH, 

a weakly dissociated silicic acid lx*ing formed, together with caustic 
soda. The latter gives the alkaline reaction. 

Through the formation of undissociated silicic acid a loss of 
hydrogen-ions occurs, and to restore equilibrium this mast bo made 
good by the dissociation of more water, wliich is then able to attack 
more silicate, if present. 

The alkaline* silicates are most strongly affected by water, 
theq the calcium silicates, but those of magnesia are scarcely 
affected at all. 

As 'in most cases of chemical action, the influence of time is 
vol. r 
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impo$ant. # Tbe solutions formed bV the action of thfe wafer on 
the *rocks are so dilute that the velocity of the reactibns which 
occur is sometimes so slow as to Jbe almost inappreciable, yet so 
long have they been acting in many cases, that incalculably large 
masses of material have been completely changed.’ On the other 
hand, the action of rain on some materials — such as basalts and 
olivine — is very rapid. The rain water (rich in carbonic* acid) 
soaks into the mass and converts the lime, magnesia, soda, potash, 
and ferrous silicates into acid carbonates. These carbonates are 
washed out of the rock, together with the silica set free during 
their formation. *» 

The change in the colloidal state of some minerals as a result 
of the action of water is sometimes of great importance. A mineral 
consisting of coarse particles may be ground so finely by the abrasive 
action of the water that the resulting particles become too small 
to sink and take new properties, inasmuch as they form colloidal 
suspensions or sols. These particles are so minute as to be excluded 
from the definition of “ sand.” When such minute" particles are 
brought into contact with others bearing an electric charge of 
opposite sign (such as humus), both arc precipitated, and under 
favourable conditions a colloidal gel is formed. Colloidal gels 
appear to possess a honeycomb or “ space-lattice ” structure and 
are able to absorb many times their weight of water, forming a 
gelatinous mass. Silica and clay are particularly prone to yiter 
into the colloidal gel state, and many of their properties an; ’due 
to this fact (see Chapter V.). 

Organic Action 

The action of plants and animals in the formation and dis- 
sociation of rocks is important. Roots constantly penetrate into 
crevices, and if the ground is sufficiently soft they break it up, form- 
ing soil, and the decayed remains of plants and animals are con- 
stantly adding to the soil. The action of decayed plants is somewhat 
complicated. The first products of the decomposition of plants 
are humic acids, which by bacterial and ether actions are later 
decomposed into carbon dioxide and water, together with nitro- 
genous compounds such as ammonia, nitrites, nitrates, and nitric 
acid. These compounds exert a chemical action on the rocks 
with which they come in contact and so disintegrate them. 

Bacteria play an important part by oxidising dead vegetable 
matter through intermediate stages to carbonic and nitric acids, 
which later, have a chemical action upon many rocks. Bacteria 
also act in other ways, such as decomposing iron sulphides and 
carbonates and forming iron oxide. 

An important action of bacteria and other lpw forms of life 
is the production of humus and other substances which flocculate 
any colloidal sols with which they edrne in contact, and so increase 
the amount of colloidal gel in the rocks and especially in the soil. 
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This Is a. subject of which very, little is iJhown.'but by nfttfous 
investigations arc now being made upon it (sec Ghapter VI.). 

Wjpatherino 

.The term weathering is convenient as including all those changes 
which occur as a result of the action *)f heat and cold, rain, hail, 
sngw, wind, exposure to air, and other atmospheric processes in 
rocks and other substances. The general tendency of weathering 
is to destroy the form of all materials and so rearrange their 
constituents tfs to form new substances. Thus, most, granites 
will, on sufficient exposure to weather, break down into a mixture 
of mica, quartz, clay, and other minerals, together with some 
undecompased felspar. This destruction is brought about by the 
agencies already described and may require an ynormous period- 
of time ; it is largely a matter of fortuitous circumstances whether 
the products tj the action of the weather remain together or are 
separated from each other, as when the clay and mica are washed 
out of the mass into separate hollows or pockets* 

The extent to which weathering occurs depends on the nature 
and situation of the rocks, soft porous materials in exposed 
positions being most affected. Granites vary greatly in this respect. 
Rose has pointed out that many rocks which arc unaffected by the 
most* powerful acids in laboratory experiments weather readily 
in nature under the apparently feeble influence of water, air, anil 
carbonic ^icid. This is due to the influence of the much larger 
quantities taking part in the reaction, and is a typical example 
of “ mass action.” Very dilute solutions — being moi;e completely 
dissociated into ions— are in fact relatively more active than strong 
solutions, but are much more difficult to investigate in the 
laboratory. 

The appearance of rocks is often useless as a guide to the probable 
extent of weathering, as some granites and basalts form superficial 
crusts several feet in thickness (due to removal of alkalies in the 
former and lime as carbonate from the latter) ; when these crusts 
are detached by the action of the wind and rain, they form deposits 
— often of great thickness-of a character entirely different from 
that of the original rock. In other cases the weather exerts a 
selective action, so that some fossils and nodules can be more 
readily picked out of a weathered rock than a freshly exposed one. 

Most rocks weather in a characteristic manner which facilitates 
their identification even at a distance. This disintegrated matter 
may form “ soil ” on the site, or it may be removed # to another 
site by rain or* other influence. 

The individual substances produced by the action of the weather 
are often the re&ilt of a highly complex series of reactions, both 
direct jand reversible. A more detailed study of these involves 
so deep a knowledge of the laws of dilute solutions, mass action, 
etc,, as to be beyond the scope of the present volume. 
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F?oiji*the dbmmerciai point- oi view, the chief effect on rocks 
of the weather is the formation of clays and sands. The nature 
and composition of the products formed depend to a large extent 
on the minerals composing the rock. Quartz is scarcely affected 
by weathering, and most of it renfhins behind after the other 
minerals have been removed in solution or have been decomposed. 
Felspars are frequently left behind, though they are to some extent 
attacked with the liberation of free alkali, which is removed^ in 
solution. Mica is very little affected as a rule, though the pytoxenes 
and affiphiboles are more easily decomposed. So^ne crystalline 
minerals, such as garnet, staurolite, tourmaline, sillimanite, and 
kvanite, are not attacked but are removed by aqueous transporta- 
tion and are found scarcely corroded in some detrital sediments. 
The heavy minerals, such as magnetite, ilmenite,* chroifiite, rutile, 
zircon, and mefcal- bearing minerals generally, are only slightly 
affected by weathering. 

Jt will thus be seen that the primary sands are produced by 
various actions, as a result of which the original igneous rocks 
are decomposed in* various ways, the bond which forms them into 
a compact mass is destroyed, and any fine material, such as clay, 
which may have been produced is washed out bv aqueous action, 
leaving behind a loose deposit of grains of the different minerals 
composing the original rock. When such a deposit is more or less 
protected from any weathering action, or whore very little weather- 
ing occurs, such a bed may remain in its original condition 
indefinitely, but in most cases primary sands are transported to 
other locations, rearranged, separated, and so eventually form 
different deposits. 

The disintegration of rocks gives rise to particles of various 
sizes, from large boulders and pebbles to sand, dust, or mud. 
The larger ones, such as boulders and pebbles, do not concern 
the reader of the present volume until they have been still further 
disintegrated into smaller particles of various sizes, except where 
they are found close to or amongst the finest deposits, as in those 
formed by torrential rivers and the littoral, deposits along certain 
sea coasts. Glacial deposits also contain a large proportion of 
boulders which mav or may not be mixed with finer materials 
(p. II). 

THE FORMATION OF SECONDARY DEPOSITS 

After the primary sands have been formed by the decomposition 
of igneous forks, they tend to accumulate in the form of secondary 
deposits as the fine particles gradually settle to the bottom of the 
streams, rivers, glaciers, lakes, or seas in which they were carried 
in suspension. To some extent, also, particles «of primary sand 
carried away by the wind form secondary deposits wheiK the 
velocity of the air is reduced sufficiently to cause the air-borne 
particles to be deposited. It will thus be seen that the action of 
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riverff, lake!, seas, earth movement, wind, iyid a \arh»ty of other 
forces which tend to the removal of the primary sands 4o # Some 
distance from their place of oijigin, also plays an important part 
by deputing them in l)cds of varying thickness ami purity and 
of a density varying from i^loose surface deposit to a compacted 
sandy rock. These deposits may. in turn, bo further changed, 
classified, and transported until all trace of their original form is 
lost, so that, although the destructive action of various natural 
agencies has been chiefly emphasised in the foregoing pages, the 
influence of such forces in collecting tin* particles of primary sands 
is equally important. The grains of sand which have bfrn pro- 
duced by the decomposition of igneous rocks are gathered together 
by many of the same agencies which aided in the disintegration 
of the ro(Jvs from which the grains were produced, and the grains 
so separated are deposited according to the density of the particles 1 
and the special features of the district through which they are 
carried. • 

THE FORMATION OF TERTIARY AND OTHER DEPOSITS 

The sands collected and formed into secondary deposits some- 
times undergo further metamorphoses and an* converted into 
quartzites, and other sandstone rocks, limestone, flints, car Inmates, 
etc., in which the grains of “ sand M are united together by a 
m^firal cement — usually of amorphous silica— produced by the 
infiltration of liquids containing siliceous, calcareous, ferruginous, 
or othoi substances in solutiop. These rocks may, in turn, be 
decomposed by the natural agencies previously mentioned, with 
the result that sands are again formed, though they may be different 
in character from the primary fir even the secondary sands. 

The processes of disintegration and building up of rocks may 
be repeated to any extent, and arc continually in operation. They 
have resulted in the production of many sands of extremely complex 
nature, which offer many highly interesting problems to the 
mineralogist. Fortunately, most users of sands need not concern 
themselves with sucii matters, though it is important to know 
sufficient of the origin of sands to appreciate such problems when 
they arise. 

THE AGGREGATION OF SAND DEPOSITS 

The principal agencies which aid in the collection of sand so 
as to form deposits are : 

1. Wind! 

2. Water, including rivers, seas, tides, etc. 

3. Glacial action. 

9 All deposits of sands, other than primary, may conveniently 
be classified according to the chief agent in their deposition, viz. : 
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L AeQliHn ,' or deposits formed by hir (wincij. 

Fiuviatile, or deposits formed by rivers. 

3. Estuarine or Fluvio-marine , er deposits formed at the mouth 

of rivers. 

4. Lacustrine , or deposits formed by lakes. 

5. Marine , or deposits formed by seas. 

6. Glacial , or deposits formed by glaciers. 

Aeolian Sands 

The 4 action of wind in gathering together the patticles^of sand 
is very important in exposed, dry situations, i.e. deserts, some 
sea coasts, etc. 

In deserts the sandy materials are principally produced by 
1 dry weathering, i.e . by the bombardment of rocks by wind- borne 
particles, resulting in the production of small detached particles 
which are, in turn, carried by the wind and employed for the 
further disintegration of rocks. 

True desert sands often originate by the simple breaking up 
of crystalline rockS into their constituent grains, without any 
perceptible alteration in the minerals themselves. When the air 
has reached a locality where there are no rocks and where its 
velocity is sufficiently reduced, it deposits the particles. Sometimes 
these particles are again carried by the wind and re -deposited. 
In this way, in the course of time, vast accumulations of sknd 
aro concentrated in situations where there is the least disturbance, 
and there they form large beds. < Where the winds are Irregular 
in their action, large tracts of country are gradually covered with 
wind-blown sand which is constantly shifting or drifting in the 
various directions taken by the wind. According to Flinders 
Petrie, 8 ft. of soil has been swept away by the wind in Egypt 
during the last 2000 years, or nearly 4 in. per century. 

A certain amount of separation or grading of the sand is also 
produced by wind action. The larger particles which are less 
easily carried by the wind are moved less frequently, whilst the 
finer particles are carried about and are sometimes moved over 
considerable distances, so that, in time, the deposits become roughly 
graded, the liner particles being on the surface and the coarser 
ones low r er down. Thus, if the surface sand deposits on deserts 
are exam mod they will be found to be very uniform in size on account 
of the sorting action of the moving air. According to some experi- 
ments by J. A. Udden, the action of a wind travelling at eight 
miles per hoqr on particles of various sizes is as shown in Table III. 

The maximum size of grains carried by normal winds is about 
2 mm. diameter, but during storms much larger particles may be 
carried by the air. v 

It is interesting to note how the prevailing winds have 
accumulated sand deposits in different parts of the world. * The 
great desert belt stretching from the Sahara in Africa right across 
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Tablk III.— Sizk of Grains caruikd by Wind 

Avera^tii. 

Diameter t 
Varticlea. 

'urn. 

0-75 
• 0-37 
0-18 
0 - 0 # 

0 04 
0-007 
0-001 

Arabia is one of the hottest parts of the world, find consequently 
the air surrounding the area tends to rush towards this hot desert 
to occupy tfie space of the heated air rising from it. For this 
reason there has been little chance for the sands produced by 
disintegration of the rocks in these areas to 'be distributed, and, 
consequently, they have accumulated and formed large tracts of 
desert. A large part of the Sahara consists of a white or yellowish 
sand, often mixed with gypsum, forming dunes 5<M00 feet high, 
the^ rocky floor being sometimes exposed. The dunes appear to 
bennore permanent than those in more northern latitudes. During 
storms much sand is carried from one dune to another, or a chance 
obstacle* such as a dead camel, may form a nucleus, but the general 
arrangement of the dunes remains constant. The dunes along 
the caravan routes are sufficiently permanent to possess names. 
As a rule, the distance from crest to crest of the dunes is 0-5-1 mile. 
Individual dunes sIojh; gently on the windward side, and have a 
very steep slope to the leeward, on account of the scooping action 
of the air currents behind their crests. The surface of dunes is 
often diversified by secondary ripples. 

Observations in Egypt have proved that the desert sand is 
heavily charged with positive electricity. Fifty per cent more 
ozone was found in the air over the desert than in the oases. 

There is little rain in desert countries, but a certain amount 
of water in the rock is held by capillary action. The hot rays of 
the sun draw this to the surface, bringing with it soluble salts 
of sodium, magnesium, etc. Chemical reactions occur between 
these hot solutions and the constituents of the rocks, so that 
the latter are decomposed from within. This proeesg leads to the 
cementation and Jblidification of some loose sediments and the 
colouring of many desert sands, which are usually red. It also 
results in the saturation of many desert sands with soluble salts 
w^ich sometimes form an efflorescence on the surface. * 

The formation of desert sands may not be entirely due to dry 
denudation, but it is certain that the wind has played a large part 


Behaviour of Bruin*. 


Described a path divorgin^ibout 10° from a vertical line. 
Described a path diverging about 45 c ‘ from a vertical lino. 
Described a path diverging a few degrees from horizontal. 
Scarcely noticed to settle in transport. # 

r Apparently completely borne by wind. 

Completely bomo up by wind. 

Completely borne up by wind. 
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in the formation and/classification of’ the present surfffee deposits 
in th& larger deserts. 

The fine sand of deserts is often blown high and carried for 
great distances by aerial currents ; finally it descends in the form 
of “ red fog,” “ sea dust,” or “ sirocco*dust.” According to Geikie, 
it is occasionally so abundant as to obscure the sun and to cover 
the decks, sails, and rigging of vessels which may be a thousand 
miles from land. Much dAt has been carried from the Sahara 
and deposited in the Mediterranean district and the Canary Islands, 
and it is said that some of the sand in these deposits m$,y have 
come ffom South America. * 

Volcanic dust is also carried in this manner, showers from 
Iceland having been deposited in Scandinavia, and some Krakatoa 
dust has even been carried to Europe. Large quantities of diatoms 
have been carried thousands of miles by wind. 

The amount of separation or grading effected by wind action 
depends on (a) the size of the particles, (b) their shapp, (r) density, 
and ((/) the speed of the wind. 

When all the particles are of the same material and are similar 
in shape, the amouht of separation effected in transit will depend 
largely on the speed of the wind, but where grains of different 
materials occur, as is the case with quartzite sands containing 
heavy detrital minerals, the density of the latter largely determines 
the nature of the separation effected. In such a case, comparatively 
large particles of quartz may be blown away, whilst much smarter 
particles of zircon, rutile, etc., may, on account of their greater 
density, remain behind. » 

In the case of shell sands, the shape very largely determines 
the extent of the separation which occurs. The grains are largely 
tubular, lenticular, or disciform, and a blast of wind may strike 
such grains under their flat surface and carry them to great distances, 
while the same blast would not move more rounded grains of the 
same bulk which rested beside them. Carus Wilson has noticed 
that associated tubular calcareous grains have been separated 
from the rounded grains of “ killas ” by the action of the wind. 

The great accumulations of blown sand 4 ' occurring along the 
coasts are of essentially the same character as the sand dunes of 
the deserts, except that they consist of particles produced by marine 
and fluviatile denudation rather than those produced by a dry 
wind erosion, such as is the case w T ith desert sands. 

The particular method by which nature works in the forming 
of sand hills on the seashore may here be briefly described. 
(1) Frosts t^id to split rocks, and (2) the chemical action of the 
rain dissolves the binding elements in the rocks and liberates 

S uartz or other insoluble grains. (3) Rain and rivers carry 
lese grains to the sea. (4) Tidal currents deposit them on some 
adjoining coast, usually about the time of high water when fche 
tidal action is at rest. (5) Wave action breaks up the surface 
of the shore by the fall of each w r ave, the result being a translation 
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from* low- ^towards high-water mark of a linger number of grains 
than the ‘ backwash of the wave carries back. '(fl) TJw ofying 
of the shore by sun and wind agencies. (7) The lifting of the dried 
sand aifd.its transportation by high winds until it is brought to 
rest by obstructions in the tyrm of wreckage, cliffs, sand hills, etc. 
Such obstructions may start not only a sand hill but a new range 
of hills some distance away from the previous seaward line* of 
hills. Examples of this action are common along the Lancashire 
coast from Freshtield to Southport. 

In order that sand dunes may be formed in large amounts, 
the following «»ven conditions are required, according to W. Ashton I 
if any are absent, sand hills will not Ik* formed or will be insignificant 
in extent : 

1. Contiguity to a coast on the windward side, which is in 
process of marine denudation. 

2. Contiguity to mouths of rivers draining •Millstone Crit or 
similar formations. 

3. A low 'flat shore. 

4. A coast of such a formation as not to Ik* easily disintegrated, 
such as true sand, and not of clav or chalk. 

5. The growth of star grass or other vegetation. Vegetation 
promotes lull-growth by the binding together of the sand, and even 
more by the grains being caught by t lu* long blades of grass, etc. 
Th^se grains fall in the lee of the plants, which push their way 
ujAvards so long as they can obtain a supply of moisture for their 
roots. Windy months which happen to coincide with the grass- 
growing* period of the year art* the most favourable to rapid hill - 
growth. 

Other sand hinders arc Sal is repen-s, var. Argentea, or Silver 
Willow, found between Jlirkdale and Form by ; Triticum repent*, 
or creeping wheat grass, a smaller grass of blue-green colour 
which grows above high-water mark at the foot of hills ; and the 
sand sedge, Cares arenuna ; sea holly, sea spurge, saltwort, and 
sea rocket. 

In Cornwall, wild thyme has been found a satisfactory substitute 
for star grass. Sir Mvde Page, a noted engineer of his day, found 
the planting of gorse bushes an effective check to blowing sand. 

On the coasts of Norfolk, the Moray Firth, Norway, and Jutland, 
maritime pines have proved very effective in stopping sand drift. 
On the margin of Southampton Water, “ Spartina M grass has 
proved very successful. 

6. A coast in general line with the prevailing winds. This 
condition is of great importance. The most favourable direction 
for the prewiiling winds to strike a coast is at an angle of 10 or 15 
degrees ; they then have the maximum power of transmitting 
sand from the Joreshore. Whenever extensive ranges of sand hills 
aiy found, this condition is invariably present. 

f. Sea-wave action which brings in sand from the sea,. 

The sand carried by the wind impinges on the blades of star 
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grass, droj)8Mn # their Jee, and they continually push tftfeir wky up 
throtighftne accumulated drift. 'At a height of about 60 feet the 
sand can no longer draw up sufficient moisture by capillary action 
to serve the plants, and when these die there is nothing to retain 
the sand, so that there are few sand# dunes more than 60 feet in 
height. On the coast of Norfolk, sand hills 50-60 feet high occur ; 
on the coast of Holland, some of the dunes are as much as 260 feet 
high. c 

The breadth of the sand beds on the coasts varies from 5 to 5 
miles. The form of sand dunes depends entirely on the intensity and 
directidh of the winds which produce them. In same eases the 
sand is heaped up into mounds in rows ; in other cases the dunes 
form long, narrow ridges. When the speed of the wind is great 
they form at right angles to the direction of the wind, Juit where 
the intensity is less they may form parallel to its direction. In 
Central Asia tlu* sand frequently takes a crescent-shaped form, 
the convex side facing the wind. Where the wind is irregular 
the sand is merely piled in irregular masses. 

Sand hills are chiefly found on the portions of the coast which 
are exposed to the prevailing winds, the most important of those 
in Britain, therefore, being on the west and south-westerly coasts, 
as in Devonshire, Wales, Cumberland, Lancashire. The last 
named forms a good example of wind-blown sands. The material 
composing those beds has been derived from three sources : t 

1 . Sea -eroded material from the Cheshire and adjacent coasts. 

2. Fluviatile material. 

,‘J. Tidal material due to the shallowness of the sea on this coast. 

The chief source is undoubtedly the second, viz. river-borne 
material from the higher parts of the Pennine Range where the 
rivers Ribble, Irwcll, and Mersey rise. Repeated micro-examina- 
tions of the sands by J. Lomas prove conclusively that they are 
derived from the Miilstone Grit formation. As the Pennine rocks 
are denuded, the clay is deposited on the Crossens shore as “ slutch,” 
and the greater part of the sand is deposited in sand banks at the 
mouths of the Dee, Mersey, and Ribble. Sea currents, the tides, 
sun, and wind do the rest in piling the sand* into dunes along the 
north-western shores of the Mersey and the Ribble. 

The mean direction of the prevailing winds just south of west 
is well indicated by the inclination of the trees in unsheltered 
positions along this coast. Twenty years’ records show that 
nearly all the winds of sand-lifting force come from the south-west 
and west. The hill ranges accordingly show a steep side on the 
west-south-v^st or prevailing wind side, whilst on the leeward 
or landward side a long slope is usually (developed. * 

Among other extensive gand-hill ranges in Britain are those 
found on the north coast of Cornwall and between Naim and the 
river Findhorn in Scotland. The largest sand-hill ranges elsewhere 
are found on the Ayrshire, Aberdeenshire, Lincolnshire (very low), 
Norfolk, Suffolk, and Glamorganshire (very high) coasts.- 
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IS sontS places, as in Cornwall, muohtyf the, blbyp\ sijnd is 
composed of comininnted sea-shells. In Bermuda and other ’Voral 
islands, fine coral sand with comminuted shells has been formed 
into difties bv the wind and cemented by rain water, forming 
compact rocks. * • 

Deposits of blown sands are by no means always stationary, 
and,* where changes in the direction of the wind are frequent, 
lajge tracts of land may be overwhelmed with sand and then 
cleared again, as fit Santon Pownham, east of Brandon, where 
sand storms or sand Hoods have at various times swept the country. 
At St. ririanfi church which had been smothered for seven wnturies 
was uncovered in 1835 by the natural removal of the sand by the 
wind. The dunes in the Bay of Biscay, when* they are not hold 
by vegetation, travel inland at about HU feet per year, and in 
Denmark at 3-24 feet j)or year. 

The speed with which entire hills will sometimes be shifted 
was exemplified during a westerly gale in HHI, when, according 
to 1). Pennington, a high hill between Fresh tick! and Ainsdale, 
near Massem's Slack (Lancashire), was bodily moved liotweon 
100 and 150 yards. Near the same spot and in the same year 
a curious find was made in the hollow of the outer line of slacks 
about a mile to the north of Fresh field Perch. (Sales having drifted 
away the sea face of a long sand hill, on the landward side of the 
hol^w the remains of seven wrecks of wooden vessels, apparently 
fr<fm 200 to 250 tons, were exposed to view ; two days later fill 
but one were buried in the sand. 

Whefi tixed by vegetation,* sand hills have*, on many coasts, 
a high value as natural protectors of low-lying lands from inundation 
by the sea . 

The deposits of tine detritus occurring in different parts of the 
world, and designated under the general term “ loess,” are thought 
by some to be of aeolian origin and by others to be- produced by 
aqueous action (p. 31). According to Richthofen, the Chinese 
deposits are largely composed of a line dust, probably derived from 
a fluvio-glacial jieriod and' subsequently desiccated during a time 
of dry climate, the (fry dust being afterwards transported by the 
wind to the river basins and plains of China. 

The Keuper sandstone round Birkenhead and Stourton consists 
of desert sand which has been consolidated and made into a solid 
rock. On weathering, this rock disintegrates and forms a loose 
sand similar to other deposits of wind-blow r n sand. 

Aeolian deposits sometimes extend over wide* areas, but are 
often of an irregular and discontinuous nature. Their thickness 
is usually v^ry variable, and they often exhibit cross- or current- 
bedding. Ripple-marks sometimes occur and are useful in ascertain- 
ing the mode o£ origin of the sand. 

• Band hills sometimes grow rapidly ; H. T. Crofton has observed 
that under favourable conditions those at 8t. Annes grow at the 
rate of over 2 feet per annum, the greatest increase occurring in 
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the more € windy morphs of March, April, and May. ff,< T. Me Hard 
Read* calculated that about 105.000 cubic yards of sand are moved 
every year by the wind on 1 6 miles of the South Lancashire coast. 
About 2000 years, at this rate, would account for the cntire‘deposit. 
J. Lomas, in a paper before the British ,4ssociation’in 1903, expresses 
the opinion that 400 years ago there were no sand hills on the 
Lancashire coast. They began to form at Form by at the' end 
of the seventeenth century, landing up the deep channel near the 
ancient port of Form by and thus increasing the sand-drying area, 
which afterwards extended rapidly northwards. As the high- 
water fiiar k was rapidly driven back, successive ranges of sand 
were formed on the seaward side, until now some of the sand hills 
between Form by and Ainslie are nearly 80 feet high. This process 
still continues. The lateral growth of these ranges is surprisingly 
rapid ; near the Palace Hotel, Southport, ranges 20-27 feet high, 
with a maximum* width of 190 yards, have been formed since 1885. 
Although these hills are of recent origin, the sand of which they 
are composed is much older, much of it being at least 2000 years old. 

The sand hills at St. Annes appear to have been formed in a 
similar manner ; the main channel of the Kibble has gradually 
moved northward, piling the sand brought down bv the water 
on the north shore between Fairhaven and South Shore through 
the action of the prevailing winds. The range of modern sand 
dunes from Blundell Sands to ('hurchtown appears to ha\e a 
different origin and to be due to a change in the course of the MeAey 
about a thousand years ago. 

Aeolian or wind-blown sands < often consist of small* angular 
grains, but those derived from the seashore in the manner just 
described are usually rounded. (See also Chapter III., under Blown 
Bands and Short Sands.) 

Fluviatile Sands 

Fluviatile deposits are those which have been formed by the 
action of running water. Those deposits accumulate as a result 
of a decrease in the speed of the current, a# -at a sudden bend in 
the path of the stream or where the river joins the sea, the contact 
with salt water causing the deposition of some of the grains ; the 
ordinary sand deposits in the beds of most streams and rivers 
belong to this class. In some cases the rate of deposition may 
be so great as to turn a stream out of its oourse or even to divide 
it into two parts flowing round the deposited detritus. 

Fluviatil^ deposits may be formed on river banks and flood 
plains when the waters of a river are in flood and the speed is so 
great as to cause the detritus carried along by the current to be 
lifted over the banks of the river and deposited o^er the low-lying 
area on either side. Such plains of alluvium occur in many tropjpal 
countries where, during the rainy season, the rivers are accustomed 
to overflow their banks. 
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Sometimes terraces arc formed on either side »f # a stream. 
As the bed of the stream is gradually lowered by erosion JjiMood 
level will decrease, so that as time passes the alluvium will l>c con- 
fined nfore and more to an area nearer to the bod of the river, 
forming a series of terraces *>f decreasing height as the bod of the 
river is approached. 

In this country it is common to find three; such terraces, but 
sometimes as many as six, seven, or i^en more may occur. 

In North America this mode of sedimentation of alluvium has 
taken place on a very large scale ; the Mississippi alluvium from 
the mouth of the Ohio to the Gulf of Mexico, occupying "an area 
of 10,450 miles, is 25-40 feet thick. 

Fluviatile deposits may also be accumulated at the foot of 
mountain streaijis, waterfalls, etc., the decreased sj)eed of the water 
causing the deposition of some of the material held in suspension 
or carried along by the force of tin* current. Such accumulations 
frequently tyike the form of cone-shaped deposits which art; some- 
times of great extent, some being many miles in diameter and 
hundreds of feet thick. Such alluvial fans occur in India and on 
the flanks of some of the ranges in North America. 

Owing to the manner in which they art* produced, fluviatile 
sands are usually very variable} in composition and consist of 
irregular mixtures of particles of all sizes. Such deposits arc found 
in #tmmy Cretaceous and Tertiary deposits around the Dartmoor 
affd Cornish granites. The disintegrated materials, consisting of 
quartz, felspar, tourmaline, ote., which were carried by the numerous 
streams from the hills, became suddenly arrested in lakes and slow- 
moving rivers, with the result that much material was thrown 
down with no* respect to the sizes of the particles, the deposits 
being very often fan-shaped in form. On the other hand, many 
rivers exert a marked sorting action, and thus produce variom 
metalliferous deposits as well as beds of sand and day. This if 
due to the fact that most of the metal bearing minerals are hi 
heavy that they arc not readily moved by water currents, anc 
consequently tend to become concentrated, whilst other “ lighter ” 
minerals are washed away, the residue forming “ mineral placers.” 
Many valuable minerals are obtained from deposits of this kind, 
including gold, zircon, platinum, tin. tungsten, as well as various 
gems. Thus, in Ceylon there are beaches with alternating layers 
of pink garnet and black ilmonite, whilst monazito occurs in the 
river beds and beach sands of Brazil, Travaneore, and" Ceylon. 

Fluviatile deposits are not usually no extensive as estuarine 
ones, and they may vary considerably in thickm^s in different 
parts of thfc beds on account of variations in the sped of the river 
and other causes. They also often exhibit stratification and 
frequently crqjss- or current- bedding Conglomerates are generally 
of Jauviatile origin, but they may also be formed on the shores 
of lakes and seas. 

Fluviafcile sands are usually “ sharp ” and consist of irregular 
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fragments of numerous sizes. Whilst quartz is usuaffy the’ pre- 
dominant 'mineral, otters may be present in various proportions 
according to the conditions under which the rivers or streams 
obtained the minerals from which the sands are derived, and 
according to the treatment such minerals have undergone during 
transportation. (See also Chapter III., under Fhiviatile Sands.) 

c 

Estuarine Sands 

Estuarine deposits are formed at the mouths of rivers in the 
form of a delta ; they consist of successive layers' of material 
carried down by the river and deposited. A delta only forms 
where the conditions for its formation are favourable ; where 
the sea at its junction with the mouth of a river is very deep, the 
suspended matter may sink to the bottom and not appear ; where 
there are strong currents, the detritus may be entirely removed 
before it can form a delta. 

Deltas may be of great extent, that of the Mississippi covering 
an area of over 12,(KK) square miles, whilst that of the Ganges 
and Brahmaputra occupies between 50,000 and 00,000 square 
miles, and is over 480 feet thick. 

Estuarine deposits may also be accumulated by bars and lagoon 
barriers, the water being arrested in its flow, and consequently 
depositing much of the solid matter held in suspension. As the 
sediment deposited near the mouth of a- river accumulates, it atfes 
even more effectively than the sea in arresting the material carried 
down by the river. “ Bars ” of this kind sometimes attain great 
sizes, and may be moved farther out to sea by floods or pushed 
up-stream bv storms. Such bars occur in several places in this 
country, including Start Bay in Devon and between Mumble 
Rocks and Swansea. Every river has its estuarine deposit, but in 
many cases the sea removes so much of it that the residue is 
insignificant. The material so removed may form a flimo-marine 
deposit in some other location. 

The principal estuarine accumulations include rocks, stones, 
gravels, sands, silt, and mud, and possibly loess. These deposits 
usually contain a greater or less proportion of clay, the amount 
depending on the velocity of the water. If the current is rapid, 
the estuarine deposits may be comparatively coarse, most of the 
line material being then carried farther out into the sea and 
forming marine deposits. With a very sluggish river, however, 
much clayey material may settle along with the gravel, sand, 
and silt. % 

The extent of estuarine deposits varies according to the 'size 
of the estuary, but they are sometimes very large, and are remarkably 
uniform in thickness over the greater part of their arep. A peculiar 
feature of estuarine beds is the rapid alternation of layers, qf 
different materials, due to changes in the speed of the rivers at 
different seasons of the year. In times of flood, coars$ material 
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nay lie castied much farther and depositee^ upon a bed of com- 
paratively fine material. ' * , *• 

In this country there are several extensive estuarine deposits 
n Lincolnshire and Northamptonshire. Some of them contain 
jo large a proportion of cla^ as to be useless so far as sands are 
concerned ; the beds at Great Weldon, Northamptonshire, and 
ilso rft Kettering and Wellingborough, are of this character. 

The loess or lehm which occurs Uver a large area extending 
eastwards from the north of Franco across Europe and Asia into 
Uhina may be of estuarine origin, though it is thought by some 
to be an aealian deposit (p. 27). The adobe of Amcriilt is of 
estuarine origin, as arc also the black earth of Russia and the retjur 
of India. 

Estuayne sands usually consist of moderately angular particles 
of various sizes. They closely resemble the Huviatile sands in 
many respects, and, apart from their situation, it is almost impossible 
to distinguish them from the latter. (See also ('hapter 111., on 
Estuarine Sands.) 

Lacustrine Sands 

Lacustrine deposits are of the same nature as estuarine deposits, 
except that they are characterised by greater uniformity on account 
of the smaller amount of agitation to which such deposits are 
subjected. Lakes arc, in fact, great settling tanks in which the 
ri*;rs discharging into them deposit their burden of clay, sand, 
and other minerals. As tin- smaller particles are carried the 
farthest* lacustrine deposits am* usually dcc|R*st and coarsest at 
the inlet of the lake, the finest particles l>eing deposited farthest 
away. Where a river runs through a lake and passes out at the 
other end, the result of contact with the waters of the lake is very 
obvious. Thus, the river Rhone enters Lake Genova charged 
with detrital matter and appears quite turbid, but on leaving 
the lake it is translucent and blue, the material in suspension 
having been deposited in the. lake, chiefly near tin* end when* if 
entered. Thus, lakes may act as filters and intercept the sediment 
carried into them by rivers. Large deltas are sometimes former 
by material deposited in this way, many examples of this action 
being found in Switzerland and other localities. As the deposition 
of the material continues, the lake gradually becomes full and 
may, eventually, form “ dry land ” with a stream running through 
a portion of it. If the stream l)e diverted as the result of some 
earth movement, a dry lacustrine deposit is formed. 

As the deposition of material in a lake is a functiop of the speed 
of the water and the size of the particles, the separation of the 
gravel, sand, and clay is often very complete, the strata of each 
being clearly (jpfined so long as the flow of the river feeding the 
lajpj is fairly constant. In times of storm, on the contrary, when 
the speed of the water is greater, the coarser particles are carried 
farther, and in this way a considerable amount of gravel may 
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*be deposited simultaneously with the sand forming 0 a diluvial 
deposit.* 

The New Red Sandstone of Cheshire (known as Bunter Sand- 
stone on account of its variegated colour) consists of a consolidated 
bed of lacustrine sand laid down jn fresh -water lakes. These 
deposits are at least 200 feet thick, and show clearly the importance 
of lakes in the formation of sand. 

Lacustrine sands are usually composed of grains of fairly 
uniform size ; they are moderately angular, but are sometimes 
well rounded. (See also Chapter III., under Lacustrine Sands.) 

Marine Sands 

Marine deposits consist largely of material produced by coastal 
erosion mixed with that brought down by rivers and glaciers and 
with shells and either materials of a calcareous nature, derived 
directly from the sea, and, in some cases, with volcanic ash and 
dust. Three types of marine deposits may be readily distinguished : 
(1) those under the sea, or pelagic beds; (2) those under the fore- 
shore, or littoral beds ; and (3) those now at or above sea-level, but 
originally below it, and generally referred to when the term marine 
is applied to sands. 

Pelagic deposits usually consist of very fine material comprising 
calcareous mud, volcanic dust, sand, and clay, with occasionally a 
small proportion of coarser material. Such deposits are of various 
grades from sands to ” oozes,” the latter term including the 
ltadiolarian and Globigerina oozes* Pelagic deposits arc) usually 
subdivided into those formed at a depth exceeding 100 fathoms 
(abyssal deposits) and those formed in shallower water. The 
latter are, with local exceptions, of a heterogeneous character, 
whilst those formed at greater depths are of a very fine and muddy 
character, though often containing a small quantity of material 
of a coarser nature. 

The deposits known as sea sand usually extend out to sea and 
cover almost the entire floor to a depth of about 100 fathoms, 
except near the mouths of rivers and estuaries*, where silt and mud 
are also deposited near the shore. 

The abyssal deposits or oozes scarcely come within the scope 
of a volume on ” sands,” but they may be briefly described ; they 
consist of a fine material discharged by rivers, etc., into the sea, 
the coarser particles having been deposited nearer the shore, 
together with materials produced by the disintegrating action of 
the waves op the coast, volcanic dust, meteoric fragments, and 
the siliceous and calcareous skeletons of dead mariner organisms, 
including diatomaccae, sponge spicules, forartiiniferae, pteropods, 
etc., the first three having siliceous and the last f two calcareous 
skeletons. Owing to their solubility in sea-water under pres- 
sure, calcareous organisms do not occur at depths below 2000 
fathoms. Siliceous skeletons are, however, less soluble, and 
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occur' at t-hfe greatest depths of the ocean* yet exaihined fover 
6000 fathoms). • ' 

At the greatest depths, a red clay predominates, owing to this 
remaining in suspension after all the other materials have settlod, 
but many deep-sea deposits ^contain a large proportion of sand; 
they frequently contain no argillaceous matter, and consist wholly 
of non -plastic particles. On account of their consistency when 
drawn to the surface, deep-sea deposits are frequently termed 
muds , though some of them are not plastic like most muds found 
on the surface of the ground. 

Volcanic finds occur widely in the Western Pacific, and consist 
of fine fragments of lava, organic calcareous matter, and some 
clay. Near the coasts they may be classed as sands, but at greater 
distances from l^nd they pass gradually into the other forms of 
mud and finally into abyssal ooze. 

Sands composed chiefly of foraminiferae, racHolaria, diatoms, 
sponge spicules, and other organic remains occur to a varied extent 
in various deep-sea deposits. Quartz is generally absent from them. 

Pelagic and abyssal sands are not accessible except in very 
small quantities. The particles of which they are composed are 
usually extremely minute and (with the exception of the radiolaria 
and some other skeletal remains) they are usually well rounded. 

Littoral deposits consist chiefly of sand and ]»cbbles, such as 
the w^ll-known sea sand and shingle on the coasts. Recently 
deposited silt is found somewhat farther from the shore, but large 
littoral deposits of silt are found in the “ warp ” of the Humber, 
in the fehs of Lincolnshire, Cambridge, and Huntingdon, in the 
flats and estuary of the Severn, in Morecambe Bay, in the reaches 
of the Solway, and elsewhere. They usually consist of grains of 
medium size, the smaller ones being largely separated by the flow 
of the tides, but littoral sands vary greatly in composition and 
physical properties. In some cases, the littoral deposits contain so 
much silt and clay as not to be rightly included in the term “ sands.” 

Elevated marine, sands are usually of a very fine silty nature, 
and may contain a large proportion of clay. 

Marine deposits ai^ usually wide and extensive. Their thick- 
ness varies according to the time during which the deposition took 
place, but in most cases, the deposits are. remarkably uniform in 
thickness over large areas and are usually stratified. Marine sands 
usually consist of an irregular mixture of grains of many different 
sizes and of very variable composition, many different minerals 
being found. These sands are usually coarse, though some consist 
largely of very minute particles, (See also Chapter #111. , under 
Sea Sands and Shore Sands.) 

Glacial Sands 

Glacial deposits are closely related to those made by rivers, 
and are formed in a similar manner, but the materials composing 

VOL. I 
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them are .often much ^oarser, as the solid ice which for rite the glacier 
is if ole* to carry much larger fragments and even boulders. A 
characteristic feature of these deposits is the peculiar scratched 
surface of the boulders, which appear to have been dragged forcibly 
along in a direction parallel to the hyi ranges arid valleys in which 
they occur, or down which they have travelled. In some districts, 
e.g . the eastern counties of England, the Glacial Grift forms loose 
gravelly material consisting of fragments of all the older rocks 
from granite to chalk. Tn other localities, both in England and 
Scotland, large areas are covered by loose rubbly shingle and sand, 
forming mound-like ridges or flat-topped irregular •mounds, as if 
the original gravelly deposits had been subsequently furrowed 
and worn away by currents of water. Deposits of glacial origin 
are often of largo extent and are usually uniforin in thickness and 
largely free from strati Hcation. 

The materia4s composing the great part of such deposits are 
gravel, quartz sand, limestone powder and clay, the* two first- 
named being of more importance to the readers of this volume. 
The degree of admixture of these various materials depends chiefly 
on the composition of the rock or rocks from which the deposits 
were formed. Other glacial deposits consist of irregular aggrega- 
tions of tough clay and sand with pebbles irregularly distributed 
through the beds. In some of these deposits, the clay is the pre- 
dominant material, the sand occurring in lenticular k ‘ pockets ” 
or irregular strata ; in other places, the sand and gravel predominate 
and the clay occurs in isolated masses. 

The sands in glacial deposits (partake of the mineral* character 
of their respective districts ; thus, the glacial sand-beds derived 
from the Goal Helds are usually dark-coloured and contain fragments 
of coal, shale, and other Carboniferous rocks ; sands derived from 
the Old and New Red Sandstone are usually red ; those from the 
Oolitic and Chalk tracts are yellowish or grey. 

Glacial sands usually consist of veil -rounded grains of various 
sizes, together with a very variable proportion of pebbles and 
gravel. The latter may be removed by screening, and any clay 
present may be separated by washing the sand. As glacial sands 
aro very heterogeneous in character they are of limited usefulness. 

Fluvio-glacial {Sa3Tds 

Fluvio-glacial deposits are those formed partly by glacial action 
and partly by the action of water derived from the melting ice. 
They aro very similar in character to the continental river deposits 
found in mountainous districts and are slightly more regular than 
other glacial deposits, as they have been subjected to the sorting 
action of the water. The fluvio-glacial* deposits, in the valley of 
the Thames contain many different classes of material, including 
pebbles from the Bunter beds, sandstone, quartzite, tourrii aline - 
breccia, quartz-schist, and rhyolite. The sand and gravel deposits 
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formed by'fluvio -glacial action arc sometime^Ko similar to fluyiatilo 
deposits that it is always difficult, and occasionally impossible, to 
distinguish them. 

Sands FORafkD by other Means 

In addition to the sand deposits formed, as already mentioned, 
hv the destruction of rocks and the •subsequent re-collection and 
concentration of the particles bv various natural processes, there 
are several other modes of formation which cannot be classified 
under those heads. The chief are : * 

(a) Sands formed by the accumulation of the remains of marine 

animals and plants. 

(b) Sands produced by the precipitation of silica from solution, 

as the sandy incrustations around hot springs, etc. 

(c) Sands produced by volcanic action, including tuffs, etc. 

Sands produced by organic action may be of fresh-water or marine 
origin ; they consist of the skeletons or shells of minute aquatic 
animals and plants and of materials exuded by these creatures. 
The more important of such deposits are : 

(1) Coral sands. 

(2) Shell sands. 

(3) Foraminiferal sands. 

(4) Diatomaeeous sands and earths. 

(5) # Globigerinal or radiolarian sands and muds. 

Coral sands are produced usually by the disintegration of coral 
rooks by the action of wav s, etc., the debris collecting into beds 
composed of particles of various sizes (p. 32). The coral rocks 
are, as is well known, the consolidated remains of calcareous coral 
organisms (Coralliaria) whieli have accumulated by the deposition 
of the remains of millions of such insects in warm salt water. 
After continued growth, coral rock acquires a structure like crystal- 
line limestone. Much of the rock is disintegrated by the action of 
the waves upon it forming calcareous sand and mud which is carried 
away and re-deposited ; this remains sometimes as a loose sand, 
sometimes it is consolidated to form a secondary coral rock. 

Shell sands are deposits of the calcareous shells of dead marine 
organisms. These are accumulated by marine currents, etc., and 
disintegrated to a greater or less degree, producing sands of varying 
fineness. Some shell sands consist of a heterogeneous mixture of 
grains of quartz and minute shells ; others consist wholly of frag- 
ments of shells. In some cases, shell sands are raised above the 
sea-level and are carried away by the wind, forming dunes. 

Foraminiferal, diatomaeeous, globigerina, radlolarla and other 
sinylar sands are produced chiefly in the depths of the ocean by the 
accumulation of the minute skeletons and shells of calcareous and 
siliceous organisms. (See Marine Sands , p. 32 ; also Chapter III.). 
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S%nds arh sometiipfcs produced by the aecumulatioft' of no’dules 
formed by the segregation of calcareous matter from sea-water 
around some minute organisms, as in the case of “ oolitic sands ” 
(Chapter III.). Some plants, such as Ohara, have the powfer of de- 
composing carbonates dissolved in water and precipitating calcium* 
carbonate within their cell-walls. Others, including some mosses, 
form an incrustation on their exterior. Such deposits lead to the 
formation of various sinters? similar to those caused by evapora- 
tion ; .later, these large accumulations of calcareous matter maybe 
comminuted and again consolidated by the solvent action pf water 
containing carbon dioxide in solution. • 

The “sands” produced by the precipitation or separation of 
substances from solution in springs, etc., may be mentioned, though 
they arc not strictly sands. The principal deposits of this kind 
are («) chloride deposits ; (b) sulphate deposits ; (c) borate deposits ; 
(d) nitrate deposits ; (e) carbonate deposits ; and (/) siliceous deposits 
such as geyscrite. » 

Volcanic sands are largely produced by the action of volcanoes 
which disrupt the rocks in their interior and throw out large 
quantities of small particles of volcanic dust which are carried by 
the wind and eventually fall on to the surface of the earth or into 
the sea. The size and density of the particles determines the 
distance to which they may be carried by the wind. The coarser 
particles usually fall in the immediate vicinity of the volcanoes, 
whilst the finest grains may be carried for hundreds of miles before 
they are deposited. Volcanic sands frequently contain a large 
proportion of crystalline matter, Especially towards the <5lose of a 
series of outbursts. Thus, showers of leueite and pyroxene have 
been ejected from Vesuvius, and pyroxenes coated with scoria are 
found on the flanks of Etna and Stromboli, whilst sanidine occurs 
in the ashes of [schia, and much of the ash from Krakatoa consists 
of plagioclase, enstatite, augite, and magnetite. 

Tults are classified by Lhidson in three groups : (a) vitric tuffs 
containing a large proportion of glass dust ; (b) crystal tuffs containing 
individual crystals; and (c) lithric tuffs containing fragments of 
rock, but no obviously glassy or crystalline particles. 
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CHAPTER [I 

THE OCCURRENCE AND DISTRIBUTION* OF SANDS 

Sands occur in almost all parts of the world, though they arc 
distributed in a very irregular manner. They may. for convenience, 
be divided into two groups: (1) those l wing formed now or within 
recent times, and (2) those formed in previous ages and now 
forming part of the sedimentary strata of the country. The 
former are the topmost beds of the Post-Pliocene system and 
include superficial deposits formed by the recent disintegration of 
rofks and, in some cases, the transportation of the disintegrated 
material by wind, water, or ice to some other location. In short, 
they represent a continuation <ff the processes by which the older 
sands have been formed. 

The second group includes sands which have been formed in the 
various ways described in previous pages, but have been subse- 
quently covered by other materials and may also to some extent 
have been consolidated by pressure, or as a result of the infiltration 
of water containing cementing substances in solution. Where 
consolidation has occurred to any great extent, sand -rocks or 
sandstones are formed ; some of these, as ganister rocks and 
quartzites, when crushed, are of value as sources (if sand. Loose 
sands art? chiefly confined to the more recent formations, as when 
they are deeply covered by rocks the pressure is usually sufficient 
to consolidate them, especially when other metamorphic influences 
are also at work. 

In considering the distribution of sands it is convenient to 
arrange them in accordance with their geological sequence rather 
than their geographical position, as the latter is to»some extent 
accidental. "Primary sands — so far as any such sands are known — 
are taken first and the others, as far as possible, in the order of their 
deposition. Owing to earth -movements of various kinds, some 
loa&l deposits of sand do not lie precisely in the position in which 
they might be expected to occur, but these small irregularities do 
not detract from the convenience of the geological arrangement. 

a? 
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Table IV. — Arrangement of Rocks and Rock Systems 


Post-Tortiary . 
Cainozoic or Tertiary 

Mesozoic or Secondary 


Palaeozoic 

Primary 


Kozoie 


Newer Palaeozoic 
or Deutozoic 


Wider Palaeozoic 
or Protozoie 


Syntcnj. 


Post-Pliocene. 

Pliocene. 

Miocene. 

Oligooene. 

Koccne. 

Cretaceous. 

J urtissic. 

Triossie. 

Permian. 

Carboniferous. 

Devonian and Old Red Sandstone. 
Silurian. 

Ordovician. 

Cambrian. 

Metamorphic. 

Arcbean. 


ARCHEAN SYSTEM 

Archcan rocks only contain relatively small proportions of safcd, 
and such material is usually so intermingled with the rock that 
it must be separated by washing, 1 •screening, or other mechanical 
means. Consequently, these rocks as a whole do not directly furnish 
much natural sand. They can only do so when the rock has 
undergone considerable disintegration, as part of the granite of 
Cornwall, Devonshire, and elsewhere from which china elav and 
kaolin are obtained, together with considerable quantities of sand. 
(See China Clay Sands, Chapter III.). 

In addition to the small particles constituting such primary 
sands there are various igneous rocks, including pegmatites, 
aplites, microgranites, and modified granites, Which may be ground 
and so used as sources of sand which is very suitable for some 
purposes when the rocks are sufficiently free from iron compounds 
and other undesirable impurities. The cost of crushing is, how- 
ever, in many cases prohibitive and the igneous rocks — being of a 
complex character — seldom produce sands of high quality. Some 
rocks which contain clastic felspar may, when crushed, be of value 
for glass-making, as, for example, granophyre from Brandy Gill, 
Cumberland. 

The portions of igneous rocks composed of almost pure quartz 
are, unfortunately, generally useless on account of, the great cost 
of grinding, sifting, and washing them. For many purposes also 
the crushed rock is not so suitable as the incoherent sand, so that, 
except in rare cases, crushed quartz is of very limited application. 
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METAMORPHIC SYSTEM 

The * metamorpluc rocks, which lie immediately above the 
primary igneous rocks, consist of beds of clay which have been 
inverted into schists and slates, and of sands which have been 
3on verted into quartzites. The distinction is not always clearly 
narked, and, in some cases, the hvjlbgenic and epigenio changes 
which they have undergone are so great, and the proportions of 
added rji ate rials are so large, that it is now impossible to say which 
were originally strata of clay, which of sand, and which of gravel. 

The schist s and slates, l>eing argillaceous in character, are outside 
the scope of this volume. 

Mixtures of felspar, quartz, and mica may be converted into 
gneiss ; mica and quartz may form mica-schist, and the presence 
of talc or hornblende may give rise to talc- or hornblende-schists. 

A metamorphic quartzite consists of a granular aggregate of 
quartz, derived from the quartz in primary igneous rocks by the 
action of pressure and heat, or of solutions of binding agents which 
permeate the interstices of the quartz. Such quartzites occur in 
various parts of the United Kingdom, including the Isle of Anglesey, 
Argyllshire, and West Inverness-shire. Quartzites belonging to the 
Highland metamorpluc rocks occur to the north of Portaskaig and 
Port Ellen, Islay, Bonhaven Bay, dura, Loch Ijevcn, Appin, Duror, 
Citen Orehy, Dalmally, Loch Fyne in Argyllshire, and Inverness- 
shire, but up to the present they have not been used commercially. 

Vein-quartz, associated with quartz-mica-schists, occurs at 
White Rock, north-west of Tinahely, Co. Wicklow, in a lw*d 1(H) 
yards long, 50 yards wide, and over 30 foot deep. It consists of 
pure white quartz, but at present it is not used. Similar deposits 
occur near Ynsyslas, Cardiganshire, and in various parts ot the 
west and north of Ireland, Wales, and Scotland, though they are 
often irregular and impersistont. Vein-quartz also occurs at Slievc 
More, Aehill Island, and is used chiefly in the manufacture of 
scouring and abrasive soaps. At Kildownet, in the south of the 
island, a micaceous Quartzite has also been worked for the same 
purpose. 

Metamorphic rocks form nearly the whole of the Outer Hebrides 
and occupy a belt of variable width in the west of Sutherlandshiro 
and Ross-shire in Scotland, Donegal, Londonderry, Mayo, and 
Galway in Ireland, and they occur in irregular areas in Pembroke- 
shire, Anglesea, Carnarvon, and the Midlands. They consist of 
massive homblendic gneiss with bands of schist, fel<*ite, etc., but 
contain few*rocks of any commercial importance as sources of sand . 
A quartzite which occurs on Holyhead Mountain, Anglesey, is 
crushed and uqpd in the manufacture of silica bricks and also for 
furnace linings. When sufficiently finely ground it may be suitable 
for the manufacture of glass. 

A sand resulting from the disintegration of a soft, white Dalradian 
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quarizite. associated >with some calcareous material, Miich occurs 
on the slopes of Muckish ’Mountain, some distance from Donegal 
(Ireland), is suitable for, and has been used for, the production 
of glass. As there is an abundance of sand, therq is no*need, at 
present, to crush the massive rock. • 

A similar deposit of Dalradian quartzite occurs at Port-a-cloy, 
Co. Mayo, and near Kentallen, Argyllshire. At the latter place, 
it is worked for sands for file filtration of acids and for grinding 
and refractory purposes. It has not been used for glass manu- 
facture, though it appears to bo suitable. At Stonetfield, in 
Port-a*cloy Bay, Co. Mayo, sand obtained from ?t decomposed 
quartz-iniea-schist is used for various purposes. 

Much of the sand found on the shores of the Isle of Jura, Scotland, 
is derived from the disintegration of Dalradian quartzites, and has 
in the past been used for glass-making. 

The beaeh-sffcids of the Isle of Eigg, which are also derived 
from metamorphic rocks, basalt, etc., consist largely tjf quartz, 
together with much kaolinised felspar and dctrital minerals. 

CAMBRIAN SYSTEM 

The Cambrian rocks also include various quartzite rocks formed 
by the consolidation of deposited sands which might pay for 
crushing to sand. The chief of these are the Hartshill and Lie^ey 
quartzites, which occur in Warwickshire and Worcestershire 
respectively. The Hartshill quartzite extends from Nuneaton in 
a north-westerly direction, forming an outcrop a little over a quarter 
of a mile wide and nearly three miles long, and having a thickness, 
according to T. Eastwood, of about 900 ft. It consists of a white, 
pale pink or purplish, l>edded rock with shaly partings dividing 
it uf> into the Upper or Camp Hill, Middle or Tuttle Hill, and Lower 
or Park Hill quartzites. It is worked at Hartshill near Atherstone, 
and at Nuneaton ; it is crushed for use in the manufacture of silica 
bricks. 

Tho Lickey quartzite occurs in the Liekejr Hills, about 4 miles 
to the north-east of Bromsgrove and extending for nearly 2| miles 
between Rubery and Bamt Green, with a width varying from 
200 to 400 yards ; it is worked at Rubery and Rednall. It is a 
hard, grey quartzite, slightly stained in some parts by iron, and 
is used chiefly for road-stone, but has been used as a substitute 
for ground ganister for furnace linings. 

The quartzites of the. Cambrian system in the Midlands are 
not so pure^as some others, but when crushed they, form useful 
sands. 

ORDOVICIAN SYSTEM « 

t* 

The Ordovician system consists principally of sandstones and , 
slates, and occurs in Central and West Wales, Co. Tipperary, 
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Ireland, a Ai in Shropshire, but the only rodk of importance as a 
source of sand is the Stiper Stones qufitrtzite of Shropshire, which 
lies at the base of the Arenig series and crops out in a ridge between 
Snead and Pontesbury, the beds dipping steeply. This quartzite, 
which is worked at Nills Hill find Granham's Moor, near Habberley, 
consists of a fairly fine grey rock containing small pebbles and 
intersected by veins of vitreous quajtz. It is ground and used 
as a sand in furnace hearths and linings, silica flour, and for filtration 
purposes. 


oiLURJAN SYSTEM 

The Silurian system consists chiefly of mudstone, clay, and 
limestone, nnd cqptains no material of a sandy nature of commercial 
importance, though some impure sandstones and quartzites occur 
in it. The quartzite is largely the result of tilt* metamorphism 
of pre-existing sand-rocks. Some of the Silurian sandstones in 
the United States are used for glass-making. 


DEVONIAN AND OLD RED SANDSTONE SYSTEM. 

The Devonian rocks, which occur exclusively in Devon and 
Cornwall, consist chiefly of sandstones, flagstones, and limestones. 

<The Old Red Sandstone occurs in Herefordshire, South Wales, 
and Scotland in the corresponding position to the Devonian rocks, 
but is ah entirely different serft\s, consisting of sandstones, con- 
glomerate, marl, and beds of impure limestone. The Old Red 
Sandstone occurs chiefly in the Ochil and Sidlaw Hills, Moray, 
Caithness, and Ross, with a large Ik ‘I t skirting the Grampians from 
Stonehaven and the Firth of Tay to the Firth of Clyde, in Scotland, 
and in the hills of Hereford, Monmouth, and Brecknock (Wye and 
Severn valleys) ; the formation occurring in irregular patches 
from Wales to the north of Scotland. 

A number of small, isolated areas occur at Sedbergh, Strickland 
in Westmorland, Hajcot and dun in Shropshire, and Presteign 
in Herefordshire, whilst much larger areas occur between Bridgnorth 
and Ludlow, practically the whole of Herefordshire and Monmouth- 
shire, and the west of Worcestershire and Somerset, and from 
Abergavenny due south to Cardiff. 

A siliceous conglomerate occurs in the Upper Old Red Sandstone 
near Fairlie, Ayrshire, but though it has been crushed so as to make 
a sand for silica brick manufacture, it is no longer wed for that 
purpose. When Old Red Sandstone is weathered the chief material 
tormed is a sand, together with some “ marls/’ but most of the 
Old Red Sands^ne rocks are of little value as a source of sand, 
the^ most useful being some of the quartz conglomerates found in 
Ayrshire and South Wales. 

At Abercriban, near Merthyr Tydfil, the Grey Grit of the Old 
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Red Sandstone has formed a detritus of sand mixed* with* large 
and«smafl blocks oi grey sandstone occupying a large area and 
being in places more than 10 feet thick. This sand is used for 
lining open-hearth furnaces, for puddle, and as a substitute for 
ground ganister. 


CARBONIFEROUS SYSTEM 

The Carboniferous System is rich in sand rocks ; it may be 
divided into six sections, namely : (1) Calciferous Sandstpne ; (2) 
Mountain Limestone ; (3) Yoredale Rocks and Millstone Grit ; 
(4) Lower Coal Measures; (5) Middle Coal Measures; and (6) 
Upper Coal Measures. The carboniferous rocks are widely dis- 
tributed in the United Kingdom, the chief occurrences being in 
Central Scotland, Northern and Central England, Wales, and 
Ireland. • 

The Carboniferous System does not yield many deposits of loose 
sand, and is chiefly valuable for sand rocks such as sandstone, 
silica rock and ganister, which art' ground to the desired fineness 
and then used for the manufacture of silica bricks, sand-lime bricks, 
and for furnace linings. They are, when crushed, also used for 
filtration and other purposes in the same way as sands. In many 
cases, however, the interstitial cement renders the material of 
little value. In other cases, it does not pay to crush the rocks 
owing to the proximity of other materials which need less prepara- 
tion and can, therefore, be worked more cheaply. 

The Calciferous Sandstones ‘which occur in Fifeshire and 
Edinburghshire eonsist of hard siliceous sandstones whieh have 
been worked at Barnton, Currie Glen, and Craigleith quarries, 
in Edinburghshire, for use as building stone and for grinding glass, 
but they are too hard and too impure to be worth grinding so as 
to produce sand. 

Hard quartzose rocks similar to ganister also occur at Kinghom, 
Fifeshire, and probably extend inland on the same horizon. Soft 
and decomposed sandstones belonging to the Upper Calciferous 
Sandstone group occur at Coolkeeragh, ninth of Londonderry, 
where they arc white or reddish in colour and are used for inferior 
bottle glass. A soft white sandstone about 30 ft. thick occurs 
in the Calciferous Sandstone Series near Lower Kildress, Cookstown, 
Co. Tyrone, the upper portion l)eing stained brown or reddish 
and containing wedges of ferruginous matter. In the lower part 
is a thick bed of very fine sandstone, which is readily disintegrated 
on exposure*. and is used for glass -making. 

Carboniferous Limestone. — The Mountain Limestone includes 
numerous pockets containing sand which has been left after the 
removal of the limestone in solution by water changed with carbon 
dioxide. The largest pockets or “swallow holes” occur in p the 
Mountain Limestone of Derbyshire and North Staffordshire. In 
Derbyshire the pocket sands occur in an area enclosed by Monyash, 
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Youlegreav^J Hartington, and Winstar, and intruding ‘northY^irds 
to the. junction of the. limestone and shale beds. • * 

At Park Mine, near Askham-in-Furness (Lineushire), sand, 
covered ‘over thickly with boulder clay, occurs in pockets of 
haematite in the Carboniferous Limestone. It is used for moulding 
steel and for lining steel converters. 

In Staffordshire useful deposits of sand occur near Oakmoor. 

Other deposits are in Flintshire at ifalkyn, Rhes y-eae, Pantddu, 
etc., in Denbighshire, near Llandudno and Abergele, at Conway 
in Carnarvonshire, and in some parts of Ireland. The AlxTgclo 
deposits are the only ones of much importance, the others* being 
mostly small and not at present worked. The pockets an* usually 
cup-shaped and contain pebbles, sand, and white or coloured clay, 
the materials beipg mixed to some extent with granular particles 
from the Millstone Grit- rocks, which occur above the Mountain 
Limestone, and also with materials derived front other rocks as 
a result of glacial action. In some of the Derbyshire deposits, 
debris from the Hunter Sandstone. Pebble Beds, Keuper Marls, 
and Rhaetic formation an* found, and in some places lignites occur, 
forming beds similar to those in which the Devonshire ball clays 
occur. (See also (Innister Sands, ( hapter 11 1 .). Some of the pocket 
sands might be useful for glass manufacture, as at Brassington, 
Parsley Hay, and Abergele, but in most cases they are too irregular ; 
they«ue used as refractory materials where they are sufficiently pure. 

4’he principal silica rocks found in the (Carboniferous Limestone 
Series are in North-eastern England, North Wales, and Scotland. 

In Nljrth-e astern Kwjhind tWcre are several beds of siliceous 
rocks in the Carboniferous Limestone Series at various depths 
to nearly IKK) ft. below the* Millstone (hit. The principal beds 
arc : (i) the Egglestone silica rock or Bomaldkirk ganister, which 
lies above the Fell Top Limestone; (2) the Harthope silica rock; 
(3) the Rookhope bastard and pencil ganistors; (4) the Fourstones 
silica rock below the Main Limestone ; (5) the Nattrass Gill ganisters 
below the Undersett or Four-Fathom Limestone ; ((>) the Brigg 
Hazel rock above the Three- Yard Limestone : (7) the Lunedale 
rock between the Five* Yard Limestone and the Sear Limestone. 

The Egglestone rock is worked at Castleside, near Consctt, on 
an outcrop sloping slightly to the cast under a covering consisting 
chiefly of shale. It consists of two bods of white and blue quartzitic 
sandstone respectively, and is used in the manufacture of silica 
bricks. 

The Harthope silica rock outcrops from beneath a ]>eat covering 
at Daddry Sheild, R.S.O., in Durham, and is employed for the 
manufacture’of silica and ganister bricks. 

The Rookho}>e ganister consists of a black pencil ganister and 
one of a lighter colour lying immediately above the Firestone Sill 
of 4he district, the top bed being the densest and most quartzitic, 
and is more suitable for use as a refractory material than the lower 
bed which passes into an ordinary sandstone. 
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The Nattrass Gil) ganister consists of two beds, thfc'upper being 
a hard* white pencil ganister and the lower a light grey or blue 
quartzitic sandstone separated by a thin bed of grey shale and sandy 
clay. It is worked at several places near Gold Hill, Weardale, 
the product being used for silica brick manufacture. A nearly 
equivalent deposit also occurs below the Undersett Limestone at 
Wensley, Yorkshire, which corresponds to the Four-Fathom Lime- 
stone of Durham. f 

The Brigg Hazel silica rock is a whitish quartzitic sandstone 
outcropping at Lanehead and Westgate in Wcardale and Harperley 
(Co. flqrham), the material being used for silica bricks. 

The Lunedale rock occurs to the north of Lunedale valley, and 
consists of a fine-grained quartzitic sandstone which is used for 
ganister and silica bricks in the district. 

The silica rocks of Durham are used almost wholly for the 
manufacture of c silica and ganister bricks; they do not appear to 
have been tried for any other purpose. 

In Wales a white sandstone almost 23 ft. thick occurs in the 
Carboniferous Limestone at VVaen, near Mold (Flintshire), immedi- 
ately above an impure limestone. It contains little ferruginous 
matter, and is quite soft and easily crushed. It is largely used in 
the manufacture of scouring soaps, and might also be employed for 
glass-making and refractory purposes. Similar deposits occur at 
Pant ddu and Minera, though they are generally of inferior qimlity. 

At Hafod, near Mold, a bed of sandstone about 12 ft. thick 
occurs below a limestone in the same formation, and is associated 
with boulder clay in some parts. a Some of this material is ground 
for furnace linings. 

The Carboniferous Limestone rocks of Wales and Derbyshire 
also yield a sandy rock termed k< rotten stone.'’ It is formed in a 
similar manner to the pocket sands by the solution of the lime- 
stone from impure rocks, a porouS, soft, siliceous skeleton being left 
behind. The principal rocks from which rottenstone is formed are 
dark coloured, impure, and often bituminous limestones, frequently 
containing cherty matter. In Derbyshire, rottenstone occurs at 
Ashford on Bakewell Moor and at Wardlow ,T Mires, as the result of 
the decomposition of a black bituminous limestone. In South 
Wales, rottenstone has been worked in Brecknockshire, Carmarthen- 
shire, and Glamorganshire. It occurs between the valleys of the 
Neath and Tawe in the Main Limestone as thin bands in the shafts 
with which it is associated, and is derived from a dark impure lime- 
stone which lias been decalcified, leaving a porous, soft rottenstone 
free from grit. It has been worked to the south of Pwll Byfre and 
along the top of the limestone on the east side of the fiver south of 
Penwyllt station. It has also been worked as far as the east side 
of Careg-lem on the west side of the Tawe, where it is buried under 
the drift deposits. 

Around Ammanford, rottenstone has been worked along the 
outcrop of the uppermost beds of the Carboniferous Limestone as 
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far as* Llandyfan and in a small inlier at the s<juth-west*cnd ofJTair 
Cam. It has also been worked along the eastern side of Peit-yr- 
alleg in the Twreh Valley, at Cam Pen-y-Clogau and Carn Cennen, 
north of Hrynamman, and at Garn-bica, near Llandyfan. Rotten- 
stone has also been dug unwind the base of Castell-y-Geifr and 
from the glacial drift south of Carnau Gwys. At the latter ))lace, 
the drift lies in the dark-coloured limestone. 

^Rottenstone is chiefly used as an abrasive for polishing marble, 
metals, etc. 

In Scotland there are various potential supplies of ganister-like . 
sandstones in "the Carboniferous Limestone Series of Peeblt^shire, 
near Macbiehill and Carlops, in Lanarkshire, near Lesmdhagow, 
Gorebridge and Newtongrange in Edinburghshire, and to the south- 
east of Dunbar (Haddingtonshire). 

Siliceous sandstones also occur above the Main and Index 
Limestones respectively near Carluke and Bishopbriggs in Lanark- 
shire and ki the Lower Limestone group near Stevenston (Ayrshire). 

The“ rotten rocks ” which occur in the Carboniferous Limestone 
or Millstone Grit around Glasgow consist of white* to pale brown 
sandstones containing about 95 ]xt cent of silica. They are crushed 
and used as moulding sands and for the hearths of metallurgical 
furnaces. Rotten rocks are worked at Auchenheath, and Monk- 
reddon, near Kilwinning, in tho Carboniferous Limestone Series and 
also in the Millstone Grit (p. 4S). 

^\t Auchenheath (Lanarkshire) a grey, rooty ganister and a 
white sandstone (“ rotten rock ”) occur immediately below the 
Calmy of Gail* limestone, beintf separated from each other by a 
thin seam of fireclay ; they are used for silica bricks. Some of 
the lower bed is used as a steel-moulding sand. 

At Ix’venseat, near Fauldhouse (Edinburghshire) a 30-70-ft. 
bed of white or yellowish, friable sandstone called the “ Breieh 
sandstone ” occurs about 30 ft. above the Castleeary Limestone 
in the lower part of the Millstone Grit. The rock disintegrates 
readily on exposure, and was used chiefly for building purposes and 
for moulding pig-iron. It is now used to a much greater extent 
for open-hearth furnaces, steel -moulding, and for glass-bottle 
manufacture. 

A soft, white sandstone about 20 ft. thick belonging to the 
Carboniferous Limestone Series at one end of Ashgrove Loch, near 
Iftl winning, may be suitable for refractory purposes and glass- 
making. Similar sandstones associated with carbonaceous layers 
also occur at Cowrie and Plean, near Stirling, Kingscavil, near 
Linlithgow, Glenboig, and Hailes, near Edinburgh. * 

At Uplawmuir, the Caldwell sand obtained from a soft yellow or 
white sandstone is used for open-hearth furnaces and as moulding 
sand. 

# The Campbeltown sandstone occurs above the Main Coal, and 
is used for the hearths of open-hearth steel furnaces, also as a 
moulding sand and for glass-making. 



46 SANDS FROM MILLSTONE GRIT 

The MHlstone Gplt is a typical, hard, quartzostf sandstone, 
alternating with shales, which constitutes the lower beds of the 
Coal Measures and so is known to colliers as the “ Farewell Rock.” 
Where it is not so covered, it usually forms narrow areas? immedi- 
ately around the great coalfields of ^Vales, Yorkshire, Derbyshire, 
the west of Kngland and on the edge of the Northumberland and 
Durham coalfield, though some small areas of it are distributed 
irregularly some distance aftvav. Thus, to the south of Hexham 
and Haltwhistle in Northumberland arc several such isolated 
areas, whilst numerous others occur to the north-east of Sedbergh. 
A large area of Millstone Grit extends from Lancaster to ^Settle and 
Garstang. Another large tract occurs in West Devon, extending 
from Barnstaple to Tavistock and from Bampton to the Bristol 
Channel. 

The Millstone Grit rocks vary in thickness in' different parts of 
the country. Ik the Mendip Hills, near Bristol, they attain a thick- 
ness of from 500-1000 ft. In central Kngland, the rock is 
lighter in colour and contains many pebbles of white quartz, passing 
sometimes into a conglomerate, and at other times abounds in 
grains of felspar, forming an arkose rock. Tt is thickest in South 
Lancashire and Yorkshire, but to the north, in Northumberland, it 
decreases to about 400 ft. in thickness, and is even thinner in 
Scotland. 

In Cumberland a coarse yellowish-white, fe (spathic and slightly 
micaceous sandstone occurs near High Harrington in association 
with mixed shales ; it is ground and used as a substitute for ganister 
and ganister sand. • * 

In Derbyshire a bastard ganister occurs in the Millstone Grit 
Series about 12 ft. below the base of the Rough Rock at Ridgeway, 
Ambergate, and a silica rock termed “ Litchfield’s Ganister ” occurs 
some distance below this in the same formation, but these deposits 
have not been, as yet, sufficiently well investigated to determine 
their uses. The waste material, left after preparing large blocks for 
building purposes, from the Millstone Grit rocks at Rowsley may 
be used for making common glass. 

In Yorkshire the Millstone Grit at Bent-ham is crushed for pig- 
bed sand. 

In North Wales the principal Millstone Grit rock of commercial 
value is the Ccfn-y-fedw sandstone, which occurs in isolated areas 
near Mold and Mitiera and between Trevor and Porthywaen. * 

In Flintshire it is worked to the south-west of Mold as a source 
of silica sand for pottery manufacture. Another exposure in the 
same district is ground and sold as silica flour. At Graianrhyd the 
sandstone, which is about 60 ft. thick, is used as a source of silica 
sand and for refractory purposes and for scouring and abrasive 
soaps ; near Buckley it is ground and used as ^ sand for lining 
open-hearth furnaces. „ 

In Denbighshire the upper part of the Cefn-y-fedw sandstone 
consists of a highly felspathic grit, whilst in Flintshire it consists 
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largely of }>ebbly sandstones and grits. Thc^best portions of the 
bed consist of a quart/.ose sandstone with or without }x*\>bles*and 
containing very little felspar. Such beds occur at Ffrith, Bwlch- 
gwyn, Minera, and near Trevor, and are used for the manufacture 
of silica bricks’ a’s a source ^of sand for filter beds, for dressing 
furnaces, and also for the manufacture of abrasive soaps. 

In South Wales there are large deposits of siliceous rocks, the 
whole of the material used in the manufacture of silica bricks being 
obtained from the Millstone Grit rocks which outcrop around the 
edge of the South Wales* coalfield, between the Limestone and the 
overlying Coa4 Measures, and pass under the Bay of Swansea and 
Carmarthen. The outcrop upjx»urs almost continuously for a 
distance of nearly 140 miles from Monmouthshire through Breck- 
nockshire, Glamorganshire, and Carmarthenshire, and from the 
western side of Carmarthen Bay into Pembrokeshire. The rocks 
are not available over the whole length of the outcrop as they are 
partially covered by the Triassic rocks, especially near Cardiff. 
Along the northern margin of the coalfield the Grit is well developed, 
the dip of the beds being much less than to the south and in Pem- 
brokeshire, so that the outcrop is much wider. At the northern 
margin the beds may be divided into three distinct strata : 

Farewell Rock . 0-450 ft. thick. 

Shale 1 00-1 000 

Basal Grit .... 0-700 

On tlfe north-eastern and smith -eastern sides the* various beds 
are less clearly defined and more shaly than to the north. To tin* 
south the formation consists of shales, conglomerates, grits, and 
sandstones of great thickness, but apparently small commercial 
value. 

The Basal Grit supplies the whole of the materials at present 
used for silica bricks in the area, though there are ample resources 
in the overlying beds. 

All three beds arc chiefly composed of quartz pebbles and grains 
of various sizes. They vary from hard quartzites to soft con- 
glomerates or sandstones. The harder varieties are chiefly used for 
silica bricks, whilst the softer materials are worked for hearth sands, 
ganister mixtures, silica cement, moulding sands, and for com- 
position and paints used in foundry work. The principal districts 
where these beds are worked include Dowlais, near Merthyr Tydfil ; 
Penderyn, the Vale of Neath, and Penwvllt, near Neath ; the 
Black Mountain and the Vale of Tawe and Brynamman, near 
Swansea ; Llandybie, near Llandeilo ; Mynydd-y-gareg, near Kid- 
welly ; and Templeton, near Nar berth. 

At Clydach, near Abergavenny, the basal bed of the Millstone 
Grit has been suggested as suitable for the production of ground 
silica f or lining open-hearth furnaces. 

The Millstone Grit in this area is much weathered in places, 
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forming a foo.se sand which is used for the same purposes As the 
solidrock, but has tKe advantage that it needs little or no crushing. 
Weathered beds of this kind occur at Ifirwaun, near Aberdare, 
and Penwyllt in Brecknockshire, Mynydd-y-gareg, near Kidwelly, 
Brynamman and Upper Cwmtwrch ip. Carmarthenshire, and in the 
Vale of Neath in Glamorganshire. 

The Basal Grit at Mynydd-y-gareg has been crushed very fine 
and used as a polishing povftler to some extent. Some of the soft 
sandstone at the base of the Millstone Grit around Carmarthen tias 
been dug for building sand. South of Castle -C6ch, yellow loamy 
sands ,x with bands of fine and coarse gravel to a depth of 32 ft. 
have been worked for building sand. The lower layer, which is 
about 7 ft. thick, is best suited for this purpose. 

In Durham the beds of Millstone Grit yield various fine-grained 
quartzose sandstones, some approaching bastard ganisters, which 
are used for the ■manufacture of silica bricks and as sources of sands 
for furnace linings, etc. The Grit is conveniently divided into 
three groups, the two upper ones yielding four beds of serviceable 
stone. In the topmost beds are the silica rocks of Castle Hill, near 
Consett, and those of Cross Quarry, near Stanhope, whilst in the 
middle beds are the rocks of West Butstield Quarries, Consett, Sandy 
Carr, near Redgate, and Weatherhill Quarry, near Spennymoor. 

In Central Scotland there are two important beds of siliceous 
rock lying respectively one above and the other below the Middle 
Fireclay in the Millstone Grit. In some places, there are several 
beds of ganister interstratilied with fireclay, whilst in others only 
one bed occurs between thick beds of fireclay. At Boifnybridge 
(Bonnyside and Dykehead pits) both ganister beds are worked, the 
upper being the most valuable, but at Drum Mine and Greenhill 
only one bed occurs. 

In Linlithgowshire, a white medium -grained sandstone occurring 
above the Top Fireclay is used for silica bricks. At Blochaim, 
near Glasgow, two beds of white sandstone occurring in the upper 
part of the Millstone Grit are worked. The upper bed is about 
20 ft. thick, and consists of a hard white siliceous rock which was 
at one time ground for use in open-hearth ‘furnaces. The lower 
bed is more argillaceous, and is suitable for moulding sand. At 
present neither of these beds are in use. These beds belong to 
those termed “ rotten rocks,” which are worked in the Millstone 
Grit at Drumcavil, Gamgad Road, Garnkirk, and Glenboig, chiefly 
for moulding sands, but also for furnace hearths and for making 
silica bricks. 

In Stirlingshire, a white ganister occurs about 60 ft. below 
the Lower Fireclay at Castlecary ; it is crushed and used for silica 
bricks. At Gartverrie, near Glenboig, a sandstone occurs 90-120 ft. 
below the Lower Fireclay ; part of this bed is used for the hearths 
of open-hearth furnaces and as a moulding sand. Some has $lso 
been used for glass manufacture. At Levenseat (Edinburghshire), 
a soft decomposed sandstone occurs over shale beds in the lower 
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part 6f the" Millstone Grit formation, and is yovcred in place# by 
a thin, layer of Glacial Drift. It is ground and used for inferior 
glass-ware, and may also bo used in metallurgical furnaces. 

Silicefms sandstones also occur in the Millstone Grit at Kollo 
Water, Dumfriesshire. » 

In Ireland the Ballycastle sand lies on the Carboniferous sand- 
stone,* and may have been partly derived by the disintegration of 
this bed, and has been added to by Blown sand from the dunes. 
The material is used for the manufacture of bottle glass. 

The ^ower Coal Measures consist chiefly of argillaceous shales, 
sandstones, cdiils, and grits, or of white sandstones and daiBc oily 
shales (as in the Scottish Lothians). They are apparently of 
fluviatile or lacustrine formation, though there is occasional evidence 
of marine deposits and of admixture with igneous rocks which have 
been brought to them by the action of flowing water. The sand- 
stones may l>e very coarse and loose, or lint 1 an<h compact, as in 
ganister (set* Chapter III.). 

Ganister and ganister-like sandstones occur in North Lancashire, 
Derbyshire, Durham, and South Yorkshire. The most important 
deposits of true ganister are found around Sheffield and in other 
parts of South Yorkshire ; they lie between Halifax Hard Mine 
Coal and the top of the Millstone Grit ; the best beds being 
immediately below this coal and bearing the name Hard Mine 
Ganister ; they vary in thickness from a few inches to more than 
5 ft. A bastard ganister which occurs beneath the Clay Coal in 
some localities very closely resembles the Hard Mine Ganister. 

The Hard Mine Ganister is chiefly obtained near Bee ley Wood 
and Deepcar and in the; Little Don Valley between Stoeksbridge 
and Huddersfield. A bastard ganister occurs in places below the 
Hard Bed Band Coal and is worked at Bullhouse. These deposits 
are chiefly used for the manufacture of silica bricks, silica cement, 
and ground ganister for furnace work. The beds dip steeply, and 
whilst they outcrop at Totley on one side of Sheffield, they occur 
at a depth of nearly 400 yards at Deepcar on the other side. 

In the Huddersfield, Halifax, and Leeds districts the Hard 
Mine Ganister occurs, toifletimes as a ganister and also as a siliceous 
clay and a siliceous sandstone. 

At the base of the Lower Coal Measures very pure and much- 
shattered Carboniferous sandstone, called the “ Guiseley rock,” is 
worked near Guiseley (Yorks.). It is crushed and used in the steel 
industry, and has also been employed on a small scale for glass- 
making. 

In Derbyshire the Sheffield ganister occurs around Beauchicf, 
Dore, Totley, and Bullbridge near Am tar gate, in the same horizon 
as in South Yorkshire. To the south-west of Chesterfield a ganister 
occurs above thg Alton Coal, and at Ridge w r ay, near Amtargate, 
a bpd termed “ Glossop’s ganister,” which occurs about J00 ft. 
below the Alton Coal, is more correctly regarded as silica rock than 
as a true ganister. 
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so Middle coal measure sands 

In Durham two ^important beds of silica rock ofecur Hi tne 
Lower Coal Measures. The upper bed occurs at Crook and Knitsley 
Fell, south of Wolsingham. The beds dip slightly to the north, 
and consist of fine-grained sandstones which are used" for the 
manufacture of silica bricks. The lower bed occurs just above the 
Millstone Grit at several places around Crook and to the soqth 
of Wolsingham . In some places it is a true pencil ganister. Selected 
portions are used for the ^manufacture of silica bricks and for 
pug ganister. 

In North Lancashire a poor quality of ganister lies below the 
Lower Mountain Mine Coal, which is equivalent to the Alton Coal 
of Yorkshire. It is used for the same purposes as ganister. The 
Warmden rock, which lies above the Inch Mine Coal and is worked 
in the Accrington district, may be useful for silica bricks, and when 
ground forms a substitute for ganister. Some of the siliceous 
sandstones of tile Millstone Grit in Lancashire and Cheshire are 
crushed for moulding sand and sand for forge furnaces. r 

In Scotland two siliceous sandstones occur above the Lime 
Coal at Byreburn (Dumfriesshire) and appear to be suitable for 
silica bricks, furnace hearths, and possibly for glass manufacture. 

In Ireland a soft cream-coloured sandstone about 60 ft. thick 
occurs in the Lower Carboniferous Sandstone Series above the 
Main Coal of the Bally castle coalfield. The lower portion is easily 
crushed, and is used for furnace linings and for glass-making. « The 
upper portion of the beds contains shale bands and is, therefore, 
of lesser value. 

The Middle Coal Measures consist of grey shales and sandstones 
with scams of coal, fireclay, and ironstone. The greatest thickness 
is in North Staffordshire. Some of the sandstones are red. 

The silica rocks and sandstones in these measures occur in 
Cumberland, Derbyshire, Shropshire, and Gornal in South Stafford- 
shire. 

'* In Cumberland there are no true ganisters, but several silica 
rocks occur in association with the Clifton Little Main Coal at 
Branthwaite. and Flimby. At Branthwaite the beds crop out 
from beneath the overlying glacial deposits, "Whilst- at Flimby they 
lie beneath a bed of 4 ft. of fireclay which occurs immediately 
under the little Main Coal. At Workington the ganister occurs 
beneath the underclay of the fireclay coal, which is about 50 ft. 
below the Little Main bed. These silica rocks are chiefly used 
for silica bricks and as a substitute for ganister. 

In Derbyshire the silica rocks in the Middle Coal Measures are 
worked at biddings, to the north of Ambergate, where they occur 
as a fine-grained quartzite above the Tapton Furnace or Low 
Main Coal, and are used, together with Derbyshire “ ganister sand,” 
for the manufacture of silica bricks. .. 

In Shropshire the Ketley sandstone in the Middle Coal Measures 
is associated with the Fungous Coal at Ketley, where it is used 
for silica bricks and as sand for reheating furnaces. 
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ft 1 Soitth Staffordshire is a white or yollowish stone, ly own 
locally as “ Gornal stone,*’ which is worked at Upper Gornal, 
near Dudley. The stone is ground and used for ” cupola sand.” 
The finbst grades are sold as best white sand " for gasworks 
and for use as scouring sand. At the base of the Gornal stone is 
a so-called ganister, which is ground and used for wall -plastering 
and for lining blast furnaces. 

The Upper Coal Measures are composed of sandstones, fireclays, 
and bituminous shales, and seams of ironstone, coal, and limestone 
frequently occur in them. They are best developed in the Bristol 
and Somerset? coalfield, but they also occur in the Midlands. No 
sands or sand rocks of any commercial importance occur in the 
formation. 


PERMIAN SYSTEM 

The R»rmian System consists of red sandstones, marl, magnesian 
limestone, and yeliow sands. Their distribution is not well defined, 
except in North and Central England, East Durham, Central 
Yorkshire, Nottingham, and Shrewsbury, where the formation 
runs in an almost straight line from Tynemouth to Nottingham 
and the magnesian limestone is prominent. 

The Permian Sandstones are very irregularly distributed. 
They consist chiefly of reddish sandstone, of mottled, purple, 
yeKow, green, and brown shales. The magnesian limestone yields 
calcareous flagstones. The lowest Permian beds consist of a very 
variable 'series of sandstones, saVids, and clays of various colours, 
irregular thickness, and great diversity of character. The Lower 
Permian yellow' sands are often quite incoherent, but are frequently 
too deeply iron-stained and calcareous along their outcrops to be 
of much value, though they may be used for some purposes. 

A somewhat important area occurs in South Cumberland, and 
extends from Wreay to Penrith, Appleby, and Kirk by Stephen. 
A narrow' strip runs irregularly along the eastern edge of the 
Durham coalfield from South Shields to ShinclifTe. A small area 
occurs near Thorntoft in Yorkshire, another near Clitheroe, and 
various irregular strips near Leigh (Lancs.) and north and east 
of Manchester, extending through Stockport to the Macclesfield 
Canal. 

In North Derbyshire the quicksands at the base of the Permian 
beds — which are about 20 ft. thick — are used for building sand 
from pits at Bari borough and Pebley Pond. At Red Hill and 
Cresswell the sandy beds of the Middle Permian marl have been 
tried. At Bari borough the sand is sufficiently cohesive to b© 
tunnelled from beneath the overlying clays and to stand firmly 
in the roofs and jvalls of old workings. 

The base of the Permian beds, from (lowne towards the York- 
shire border, consists of semi-incoherent sands, which replace the 
breccia in the corresponding position farther south. These sands 



52 TRIASSIC SANDS 

consist chiefly of rather fine-grained quartz sand of a. pale yellow 
coloifr, sometimes orange and red in patches, and having the con- 
sistency of a soft sand rock which is easily crushed ; in places 
they are indurated with calcite, and occasionally studded with 
rusty brown pellets about J in. in diameter and cemented by iron 
oxide. The beds, which are variable in thickness and often cross- 
bedded, are much obscured by overlying clays. 

Numerous and irregular sfinill areas occur in Shropshire, notably 
(1) around Shrewsbury, (2) north of Oswestry to Oresford, (3) south 
of Newport to near Kidderminster, and (4) east of Market Drayton. 
Similaf irregularly shaped areas lie around the South Staffordshire 
coalfield, particularly between Shareshill, Wolverhampton, Stour- 
bridge, Lickey Hill, and West Bromwich. A relatively large area 
extends from Kenilworth to near Atheratone, with unimportant 
outliers to the north and west. 

Tho southernmost area of Permian sandstone extends irregularly 
from Nether Stowey in Somerset, through Tiverton and Exeter 
to Torquay, with a westward branch from Silverton to Exbourne, 


TRIASSIC SYSTEM 

The Triassic system was at one time included, together with 
the Permian system, under the general title of “ New Red Sand- 
stone,” but is better considered separately. The Trias bedsvof 
Great Britain may be divided into three distinct sections as in 
Table V. * 

Table V. — Tkiassic System 

1. Khaetio Shales and limestone. 

2. Upper Trias or Keuper . . New Kod marls and waterstoncs. 

3. Bun ter Sandstone . . Upper Mottled Sandstone, Middle Pebble 

bed, and Lower Mottled Sandstone. 

Both the Bunter and Keuper series indicate sea and desert 
conditions, with much wind-drifted material. The Trias marls 
were probably formed by a fine dust borne from some arid district 
and deposited in a salt lake, forming marl beds with layers of 
gypsum in between. 

The Rhaetic Beds follow the upper limit of the Keuper beds 
(i.e. between Trias and Lias). They comprise grey marls, black 
shales, and White Lias limestone, and are most developed east 
of Taunton and in the Polden Hills at Sedgemoor. The Somerset- 
shire Rhaetic beds, formed of black shales and White Lias limestone, 
lie under the Lower or Blue Lias, which is extensively quarried 
for stone, lime, and cement. They consist of thin-bedded shales, 
clays, and sandstones. t 

A greenish -grey Rhaetic sandstone which occurs at Morrnjton 
(Glam.) is worked as a material for silica bricks and furnace linings. 
The Keuper Beds consist of clays with thin layers of sandstone, 
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vein's and' nodules of gypsum j and ini|x*rsis^ent beds'of roe^ salt. 
They are chiefly found in Cheshire, but alsQ occur in the Sftlway 
basin and down towards the Mersey, where they merge into “ that 
broad belt of red sediments which stretches diagonally across the 
whole country from Durham to South Devon.” 

The Reaper Waterstones consist chiefly of soft sandstones, 
which around Higher Bcbington, Cheshire, arc 3040 ft. thick, and 
are crushed for use as refractory mtterials in the iron, steel and 
copper industries and also for bottle glass. The chief disadvantage 
of this, material is the clayey substance in it . At Ald'Tley Edge, 
Cheshire. are*large tips of sand, derived from the Kcuper waters tones 
which have been worked for cop|XT and lead. It might be suitable 
as a sand for bottle glass, though it is remote from glass-making 
areas. , 

The Kcuper waterstones in Derbyshire are thin, red and greyish 
flags interstratified with rial marls. They fornt a flaggy, sandy 
base to the lower part of the Keujx'r marls and are only a few feet 
thick. 

The Kcuper beds extend, with some interruptions, across the 
country from Axmouth and Sidmouth to the mouth of the Tees, 
forming valleys in the south and west of England, the Vale of 
Taunton, and to the east of the Malvern range. The beds extend 
over the eastern half of Nottinghamshire, the west of Lincolnshire, 
and reach into Derbyshire and Staffordshire. 

• The uppermost portion of the Kcuper bods is widely distributed ; 
it can be traced from the coast of Lancashire to the Bristol Channel, 
and covers a larger area in the* Midlands than the rest of the Trias 
and the whole of the Permian Sandstones combined. It also 
occurs at Budleigh Salterton in the south of Devonshire. 

Keujx*r beds also occur in patches along the west coast of 
Scotland and along the east coast of Ireland. Pebbly sands occur 
near their base in the neighbourhood of Belfast. 

The Bunter or Lower Trias is usually divisible into the Upper 
Mottled Sandstone, a middle bed of conglomerate, and a lower 
bed of Mottled Sandstone. One large tract of this formation extends 
from Annan in Scotland to Longtown and Brampton, thenco 
southwards to Brough in Westmorland. This formation also extends 
along the coast from St. Bees to Morecambe Bay, West Hartlepool, 
and Darlington, across the Tees to Northallerton and somewhat 
south of Ripon, when? it is divided by more recent deposits, but 
covers an area west and south of York and, in an irregular manner, 
the districts west of Selby and Snaith. 

Between Thorne, Doncaster, and Bawtry, and southwards to 
Nottingham, the Triassic area is broad and imjx>rtant, Retford 
forming its most eastern boundary and Mansfield its most western 
one. The Triassic areas in Derbyshire and Staffordshire are 
irregular — a small one at Morley and another extending from 
Repton-on-Trent through Church Gresley to Nether Seal in 
Leicestershire. 
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Tfye banks of thejiver Trent present many good. sections of 
thesef strata, as at the junction of the rivers Trent and Soar, where 
they are pierced by the Red Hill tunnel on the Midland Railway ; 
and at Radcliff-on-Trent, where they form picturesque cliffs of 
a red colour. The strata are also exposed to view in many places 
in the vicinity of Nottingham, as in the* cutting for the old road 
over Ruddington Hill, in the Colwick cutting of the Nottingham 
and Lincoln Railway, and Gdose Wong Road, leading to Mapperly 
Plains. 

A larger area of Bunter Sandstone extends from Keddleston 
to Ashbourne, others around Longton, Whitmore, and Leek being 
equally significant. 

The Triassic area west of the Potteries coalfield, though 
nominally in Staffordshire, is really a portion of the large area 
extending across the northern half of Shropshire', southwards to 
Quatford and northwards to the borders of Cheshire. 

A large area of the Lower Trias extends from the Mersey (New 
Brighton and Warrington) through Chester to Ellesmere in Flint- 
shire. A branch of this lies between Rhyddlan and Ruthin. A 
much-extended and irregular area reaches along the west of Lanca- 
shire from Cockerham through Preston and Ormskirk to Liverpool, 
east to Warrington and Manchester, and south to Macclesfield. 
A large area extends from Stafford to Wolverhampton, Stourbridge, 
and Stourport, and another from Lichfield to Birmingham, with 
a small district around Liekey Hill between these two areas. * 

The three divisions of the Bunter beds do not persist throughout 
the whole of the areas mentioned,* but in places are very thin or 
wholly absent, whilst other portions may be well developed. * 

The Bunter pebble beds are light yellow, coarse-grained sand- 
stones with scattered, well-rounded pebbles of quartz or other 
rocks. In places they change to a light-coloured grey sandstone, 
with bands and lenticles of conglomerate and occasionally a few 
pebbles. The stone rarely has a reddish tinge and sometimes 
has a mottled appearance on the weathered surface. 

The Lower Mottled Sandstone consists of bright red or crimson 
sandstones blotched with brown or yellow patches and free from 
rounded pebbles. In places it varies from smooth well-bonded 
red deposits to a coarser and paler red material which gradually 
changes into the Bunter pebble beds. The beds are impersistent 
along the southern edge of the Notts and Derby coalfield and 
contain lenticles of breccia and thin partings of red marl. It is 
frequently absent. In Derbyshire it is just over 100 ft. thick, 
the upper bed consisting of fine-grained red sandstone containing 
some clay or marl. The lower feds are more marly, and at the 
base thin lenticles of red marl alternate with soft fine-grained 
materials. The yellow mottling is rarely present here, but is seen 
at Nottingham. 

The Bunter beds yield various valuable commercial sands, 
particularly moulding sands, which are worked in many parts of 
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the area in. which Bunter sands are available, but especially in 
the Potteries, Nottinghamshire, and Yorkshire*. • 

Upper Bunter sands are worked for moulding sands at 
Birmingham Cemetery, where the face is 70-K0 ft. thick, being 
capped by only a very small amount of inferior sand which is used 
for building purposes. These Inals arc also worked between 
Stourbridge and Wolverhampton and in Worcestershire, near 
Kidderminster and Stourport, for fed moulding sand. Other 
Upper Bunter sands are largely used for building purposes. 

Some of the Bunter pebble beds have been used for building 
sand add thf pebbly bands have been screened for gravel. At 
Bavvtry in Yorkshire they have been used for making silica bricks, 
the material being carefully picked before use. 

Lower Bunter sands in Yorkshire are worked for moulding 
sand at Armthorpe, Bawtry. Burghwallis, Doncaster, Heck, Hcnsall, 
Snaith, and Whiteloy Bridge. At the four last-mentioned places 
around Selby the sands occur beneath the glacial Inals. In 
Nottinghamshire they are worked at Hempshill, lxmton, Mansfield, 
Nottingham, Sutton Junction, and Worksop. The Mansfield and 
Worksop deposits are amongst the most famous in the country. 
At Mansfield the Inals arc? 00-70 ft. thick, the upper SO ft. or more 
being used as pig-bed sand, whilst the lower Hi-80 ft. consists of 
a soft brick-red sand which is well known as the Mansfield moulding 
sand. At Worksop the beds are 20-35 ft. thick, the bulk being 
used as moulding sands ; but some of the lower part* are very 
pure and are used for glass-making, and art* also used for the hearths 
of open-liearth furnaces. Somt of the inferior Worksop sand is 
used in the building industry. 

In Lancashire the lx)wer Bunter beds are worked as moulding * 
sand at Ormskirk, where they are 70-80 ft. thick, and in Cheshire 
they are worked at Runcorn from beneath the boulder clay, the 
deep-red sand obtained being used chiefly as a pig-bed sand. 

In Staffordshire, Lower Bunter beds arc worked at Wolver- 
hampton, where they are especially tint*, and art? used largely for 
brass casting, and at Compton and Wombourne. Some of the 
South Staffordshire btds have also t>cen used as a siliceous ingredient 
of firebricks. 

Bunter moulding sands are also worked in beds about 30 ft. 
thick between sandstones at How Mill in Cumberland. 

The famous Belfast sands art? of Bunter Age and are worked 
at various places in the vicinity of Belfast for moulding nurnoses. 


JURASSIC SYSTEM 

The Jurassic system includes the Lias and Oolite formations, 
the former being of marine origin and the latter mainly lacustrine 
or’estuarine. It includes a great variety of limestones, sandstones, 
marls, shales, and clays lying between the New Red Sandstone 
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and the Chalk, the Lias forming the lowest group and. the Purbeck 
bed* the 'uppermost one. In Great Britain the Jurassic rocks may 
be classified as shown in Table VI. 

Table VI.— Jurassic System 

* 

/' Upper Oolite. — Estuarine limestones alternating with sands and 
clays ( Purbcck Beds) formerly grouped with the Wealden ; * coarse 
and fine-grained c^litic limestones, with layers of calcareous 
sand and concretions (Portland Stone and Shotover Sand) ; 
dark laminated clays, with gypsum and bituminous shale 
(Kimmeridye Clay). 

Middle Oolite. —Coarse-grained, shelly, and coraHine oolite, with 
calcareous sands and grit ( Corallian Bocks) ; dark-blue clays, 
n , J with subordinate clayey limestones and bituminous shale 

oute , ((j x f or( i Clay) ; shelly calcareous grit ( Kellaways Rock), with 
subjacent blue clays. 

I Lower Oolite. — Coarse, rubbly, anti shelly limestonos ( Cornbrash ); 
laminated shelly limestones and grits ( Forest Marble); sandy 
layers and thick-bedded blue clay ( Bradford Clay) ; thick- 
bedded oolite, more or less compact or sandy (Chat Oolite) ; 
flaggy grits and oolites ( Stonesjield Slate) ; marls and clays, 
with soft marly limestone ( Fullers' Earth) ; calcareous froestone 

^ irregularly oolitic, and yellow sand ( Inferior Oolite). 

' Upper Lias. — Thick beds of dark bituminous shnlo ; beds of 
pyritous clay and alum shale ; indurated marls or marlstone 
with bods of ironstone. 

r Middle Lias. — Sands, shales, and brick earths overlain with 

L,IAH limestone. 

Lower Lias. — Dark laminated limestones and clays ; bands of 
ironstone ; layers of jet and lignite ; beds of calcareous sdnd- 
stone. 

The fnAs 

The Lias rocks consist chiefly of alternating layers of shales and 
limestones extending from the Tees via the Cotswolds to Lyme 
Regis. 

The formation extends along the Yorkshire coast from Robin 
Hood’s Bay to the mouth of the Tees (Redear), then south-west 
to Northallerton, and south-east via Thirsk and Pocklington across 
the Humber, and due south through Lincolnshire and East 
Nottinghamshire into Leicestershire. In the last-named county 
the area is much broader — the width being greatest from Leicester 
to Hambleton in Rutlandshire, but it narrows again on entering 
Northamptonshire and Warwickshire, and is then much broken 
up by Trias or obscured by overlying Oolite. 

From Warwickshire the Lias extends south via Banbury to 
Bletchington, and south-west through Cheltenham and Gloucester- 
shire to Bath and Bristol. It narrows down near Dursley, where 
it runs due south into Somersetshire, though in the last-named 
county it is often rendered inaccessible by alluvium. Here it 
spreads into numerous isolated areas, but unites again at Glaston- 
bury, and extends to the Dorset coast near Bridport and Lyme 
Regis. 

Isolated areas of Lias (usually limestone) occur in several 
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districts ; tme of the largest extends from .\udlem to" near Wem 
(Shropshire), and another, rather smaller, occupies the Welsh 
coast from St. Brides to near Cardiff. 

The Lias of the North of Scotland consists in some parts of 
dark-coloured unctuous days, in others of greyish black sandstone 
so fine as to resemble an indurated clay, or of lieds of black fissile 
shale alternating with bands of coarse, impure limestone and studded 
with limestone nodules. These deposits are of little importance 
so far as sand and sand rocks are concerned, there bring only a 
few body of a sandy nature of little practical value. 

The Mlddll Lias is mainly composed of sand and shales nferlaiu 
with limestone, and around Frome the Lias contains a variety 
of brick earths, sands, etc., but the sand in these beds is seldom 
used separately,, as it cannot be separated on a large scale at a 
commercially profitable rate. 

The Oolite 

The Oolitic Rocks consist of limestone, grits, conglomerates, 
sands, and days (often limey), and form a broad l>clt above the 
Lias from Dorset into Yorkshire. They are stratified as shown 
on p. 50. 

The Purbeck Beds consist chiefly of shelly limestone, clays, 
and shales, with occasional sandy layers. These appear in various 
places between Swan age and St. Albans Head. The Purbeck 
strata outcrop alongside the Portland beds in Dorset, in the Vale 
of Wardour in Wiltshire, at Swiftdon, and on to Aylesbury. They 
lie immediately below the Wealden deposits. The Hastings sands 
appear immediately above them. 

The Portland Beds consist of a series of sands, sometimes 
glauconitic, and concretionary sandstones and clays, succeeded by 
massive oolites and freestones, with chert and occasional beds of 
clay. Unfortunately, the purer sands in these deposits occur in 
relatively thin beds, much overlain by other deposits of small 
commercial value. 

This formation extends from Durleston Head to St. Albans’ 
Head and forms most of the Isle of Portland. It also occurs near 
Weymouth. In the Vale of Wardour, in Wiltshire, and continuing 
towards Oxford and Aylesbury, the beds consist chiefly of calcareous 
sandstone. At Shotover in Oxfordshire the beds are about fiO ft. 
thick and form large blocks of concretionary sandstone. The 
Portland beds are usually rather impure, and generally of a grey 
or brown colour. Below the Portland beds and above the Kimmeridge 
clays are the Shotover sands, which are not of any particular com- 
mercial value on account of the large proportion of lime and iron 
compounds in them. 

The Kimmeridge Clay contains no sand beds of much commercial 
value. 

The Corallian Rag consists largely of marine oolitic limestones, 
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mar|s, Coral Rag, calcareous sandstones, and sands winch extend 
froih Weymouth to 'Oxford, where it changes to a clay and con- 
tinues northwards into Yorkshire, where the sandstones are again 
developed. Beyond Aide burgh the upper part of the RedOorallian 
Rag passes into a shelly sand and gravel which extends between 
Dunwich and Northwich and Weybourne. 

A greyish-white, partially decomposed sandstone belonging to 
the Corailian beds occurs fci association with coal and oil shale 
at Brora (Scotland) and is suitable for refractory purposes, though 
the problem of transportation is difficult. The Corailian sands 
are chiefly clayey and calcareous, and are of inferior quality. 

The Oxford Clay consists chiefly of stiff clays and shales, but 
at the base of this formation are shelly sandstones, sands, and 
loams comprising the Kellaways beds, which extend from Weymouth 
through Wiltshire to Bedfordshire, Lincolnshire, and Yorkshire, 
and also at IJigtin the Isle of Skye. Near Bedford and in Lincoln- 
shire the sandy Kellaways beds are well developed. .The sands 
in the formation are very irregular and were apparently laid down 
in comparatively shallow water, in contradistinction to the clays, 
which are of deep-water origin. 

At Burythorpe, near Malton (Yorks.), the Kellaways beds 
consist of cream or pale-brown sands 8-10 ft. thick, and very 
similar to those of the Inferior Oolite. The best qualities are 
suitable for bottle glass, and after some purification they may be 
used for glass of better quality. Similar, though less valuable, 
deposits occur in the same formation at South Cave and Newbald. 
At South Cave, Estuarine sands cfceur, and the two beds r ase mixed 
and used for moulding sand. 

The Lower Oolite extends from Saltburn, on the Yorkshire 
coast, over the York moors and southwards to Acklarn. After 
a gap of some twenty miles a fresh area occurs at Newbald, near 
Beverley, and continues directly southwards across the Humber 
through Lincolnshire (Sleaford being its most easterly point in 
this county), through the east of Rutlandshire to Peterborough 
and south-east through Northamptonshire (where it is much broken 
up by Lias) and skirting Oundle and Thrapsten in Huntingdonshire. 
This formation also extends across North Oxfordshire, the east 
and south-east of Gloucestershire, north-west Wiltshire to Bath 
and the Cotswold Hills, and southwards through east Somersetshire 
to the Dorset coast at Burton Bradstock. The sands in this 
formation are for the most part too calcareous to be of much value 
as a commercial material. 

The Upper beds of the Lower Oolite series, including the 
Combrash and Forest Marble, consist chiefly of limestones with 
occasional beds of clay and sand. The beds crop out from Temple- 
combe by Wincanton to Frome ; at Charterhouse Hinton sands 
with white masses of hard sandstone occur. Sandy beds also 
occur in the Forest Marble of Wiltshire at Carsham and Malmesbury. 
In some parts of Dorsetshire the Forest Marble passes into multi*. 
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coloured clays and sands. Most of the sands .of these tipper beds 
ire of small commercial value. * • 

The Great Oolite, which lies below the Forest Marble, comprises 
in Upper 'Estuarine series of coloured clays, sands, shelly limestones 
ind calcareous clays, but it is* very irregular. It crops out along- 
side the Forest Marble from Tehiplecombe by VVineanton to Frome. 

Various sand beds occur in the Up|>er Estuarine Series in 
Oxfordshire and in the Ore at Oolite d'lav, which series extends 
through Bedfordshire and Northamptonshire into Lincolnshire and 
Yorkshire. 

The most important of those arc the Northampton Sand 's, Which 
consist of a series of sandy and ferruginous beds with some calcareous 
bands rarely more than 1 00 ft. thick. In the lower part of those 
sands the Northamptonshire iron ore occurs. It is a hard, durk- 
greenish-grev iron carbonate with grains of quartz and oolitic 
grains, the whole weathering into the brown ferric hydroxide 
(limonite). • fc . 

At l)e Ilford, Corby, Warsford, Apethorpe, Blatherwvke, etc. 
(in Northamptonshire) the Estuarine sands are worked for use 
in steel works and, to a small extent, for glass manufacture. 
Similar sands of inferior quality occur at Tadmorton, near Banbury, 
where the l>cd.s, lb ft. thick, are associated with peat. 

At Huttons Ambo, near Malton (Yorks.), the Upper Estuarine 
beds consist of grey and yellow sands, with grey calcareous layers. 
They are used for steel casting. The lower beds are much purer 
than the upper ones, and may also be used for the best qualities 
of glass, iiTeluding optical glass, aftd for the hearths of open-hearth 
furnaces. At Sancton the sands are white, but very micaceous. 

As a general rule the Estuarine sands arc not very pure and 
are frequently rather calcareous, but, as shown above, some of 
them are of considerable value. 

The Fullers’ Earth formation below the Great Oolite consists 
of grey clay or marl with beds of soft limestone, but contains no 
sand of commercial value. 

The Inferior Oolite, consisting of sands with overlying limestones, 
extends from Burton 43radstock and Bridgeport to Yeovil, Bath, 
Dundry, and the Cotswold Hills. Several beds of sands occur 
in the north-west of Oxfordshire. These sands are usually 
ferruginous and, in some cases, contain a considerable proportion 
of calcareous matter as well as heavy minerals and fine mica. 

The Midford Sands, which belong to this formation, consist 
of a mass of yellow quartzose sands with occasional bands .of 
calcareous, concretionary sandstone, passing, in the Midland 
counties, into a dark-brown ferruginous and fossiliferous rock. 
They occur in Dorset between Bridgeport and Burton Bradstock, 
and extend from near Crewkeme by Ham Hill and Yeovil to Bruton 
and Doulting in Somersetshire. These sands cap the hills of the 
Glastonbury Tor and Brent Knoll. Their thickness varies con- 
siderably in different localities ; it is nearly 200 ft. on the coast 



60 WEALDEN SANTO 

at Bridport and 15£> ft. in Somersetshire, but decreases to 20-30 ft. 
in ‘Gloucestershire ; farther north the Midford sands are seldom 
more than a few feet in thickness. Some of the Midford sands are 
exceptionally fine and might almost be termed “ dusts.” * 


CHALK OR CRETACEOUS SYSTEM 

*- 

The Chalk or Cretaceous system comprises the Hastings sands, 
Wealden beds, Greensands, and various chalk deposits. The beds 
are divided into two groups according to their mode of Origin, the 
Wealden beds and Hastings Sands (fiuviatile) being formed in a delta, 
whilst the Chalk and Greensands formations as well as the Speeton 
clay are of marine origin. The Punfield beds, which are classified 
under the Wealden, ait; really of marine origiri but have become 
mixed with chalk in the beds formed by fiuviatile action. It is 
probable that the great Wealden river or delta was in process of 
formation at the same time as the marine fossils of the Lower 
Chalk were being deposited in other areas. As the sea advanced 
this delta was also submerged, so that whilst the fiuviatile deposits 
must be older than the marine ones above them, the two kinds 
of deposits were to some extent contemporary. The Marine or 
Neocomian deposits extend down to the Jurassic rocks at Speeton 
in Yorkshire, but in the south of England only the upper division 
appears, and lies above the Wealden series, indicating the gradual 
submergence of the Wealden delta beneath the sea. 

The Wealden Beds He immediately above and maybe said to 
form part of the upper portion of the Oolite formation, being 
separated usually from the Pur beck beds by the Hastings sands. 
They are characteristically fiuviatile in origin, and probably formed 
the delta extending in an easterly and westerly direction for at 
least 200 miles and north and south for 100 miles, but the present 
visible area is far smaller than this owing to the superposition of 
later formations — chiefly chalk. The chief Wealden area commences 
north of Midhurst, and extends in a north-eastwards direction 
through Surrey, and eastwards through Kent to the borders of 
Romney Marsh and Hvtho and south-eastwards through Sussex 
to Eastbourne. The beds also form a large vale below the Low r er 
Greensand scarp of Leith Hill and Hindhead (Surrey), extending 
to the north, w r ost, and south of Ashdown Forest . 

Wealden beds, consisting of alternate clays and sands, also 
occur in the Vale of Wardour (Wilts.), and in Berkshire, Oxfordshire, 
Buckinghamshire, Bedfordshire, and Cambridge, but are of small 
commercial value. 

In the Isle of Wight alternating layers of Wealden sands and 
clays occur on the southern portion of the island, and on the main- 
land they fringe the bay north of Swanage and round Lulworth. 

The. Wealden beds consist of— 

(I) Punfield beds, containing a little chalk. 
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(2)* WeaftLClay , consisting of thick blue days and brdwn shales, 
septarifl, of argillaceous ironstone, and beds of shelly limestone. * 

The Hastings beds, which occur immediately below and occupy 
the elevated ground in the W eald at Trowbridge, Tunbridge W ells, 
Crowborough, Ashdown, Mayfield, Heathfield. and Hastings, 
consist of — 

(1) Tunbridge Wells sands, about <200 ft. thick, which occur 
in the neighbourhood of the town of that name and are used in 
the manufacture of tiles and facing bricks in conjunction with 
the local clay deposits. They are very similar in character the 
Ashdown sand beds. 

(2) Wad hurst day, 150 ft. thick, which is used in the manu- 
facture of common bricks. 

(3) Ashdown sands, about 150 ft. thick, which consist of a soft, 

buff or white sand and sandstone. • 

(4) F airtight day is about 300 ft. thick, and is similar to the 
Purbcck clays beneath. 

The Lower Beds of the Wealden. including the Ashdown and 
Tunbridge sands, are often cemented by calcareous and ferruginous 
matter, so that they are not usually of great value. Some of the 
purer Ashdown sands near Hastings and Kotherficld, and the 
Tunbridge Wells sands at Tunbridge W ells, Last Grinstead. Mayfield, 
ant^ Last Hoathby, have been used for glass manufacture. On 
the coast the Ashdown sands (associated with lignite) are exposed 
in the cliffs above the Fanlight (flays and form a ridge extending 
2*3 miles overlooking Hastings ; parts are very pure and are suitable 
for glass manufacture. Similar deposits in the same formation 
occur at Bulverhvth, where tin* thin sands are covered by about 
30 ft. of sands, silt, and clay, but crop out at the surface? not far 
distant, where, however, they arc less pure. 

At Asluirstwood, near Fast (Irinstead, the Tunbridge Wells 
sands forms a soft sandstone which is, in some places, somewhat 
ferruginous, but other portions are quite pure and are suitable 
for glass manufacture . # 

The Greensand formation is one of the most important sand- 
bearing deposits in the country and lies above the Wealden. It 
consists of two beds, named respectively Upper and lx>wcr Green- 
sand, separated by Gault clay. The sand beds occur as shown 
in Table VII. 

Table VH. — Greensand Formation 

Upper Greensand . Greenish -grey and brown sand and chert. 

Gault .... Stiff blue clay with septaria nodules. 

Lower Greensand . Green and brown sands with pebbles, beds of gault, 
chert, and limestone (Kentish rag) divided into — 
Folkestone beds. 

Sandgat© bods. 

Hythe be<ls. 

Atherfield clay. 
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The beds are typically of marine origin and were forihcd in 
shallow seas after the subsidence of the Weald. As submergence 
increased, the beds passed into a fine soft white limestone known 
as chalk. The Greensand formation takes its name ’from the 
green grains of the glauconite (iron silicate) which they contain v 
The name is, however, misleading, as the general colour of these 
sands is dark brown. 

The Upper Greensand Behs are not so important as those occurring 
at the base of the formation, being less pun* and more indurated. 
They extend over a considerable area in the Isle of Wight, Wiltshire, 
and Kent. * 

In Kent there is a thin outcrop of Upper Greensand fringing 
the northern boundary of the Lower Greensand, extending from 
Westerham to the coast. The beds consist of light-coloured 
quartzose sands and soft sandstones calcareous and glauconiferous 
in parts. In East Kent the Upper Greensand is only about 15 ft. 
thick ; near Godstone and Merstham it is 25-30 ft. and forms 
a soft white sandstone. In the western parts of the Weald the 
beds are thither but contain clay. 

In the Isle of Wight the Upper Greensand attains a thickness 
of about 150 ft. At Didcot in Berkshire it is about 100 ft. thick 
and consists of an upper bed of light sand with a lower bed of dark 
green sand and a still lower one of hard sandstones with cherty 
beds. 

Near Devizes it is 150 ft. or more thick, but far from pure. ,l 

Upper Greensand beds also occur at Penselwood and Chard in 
Somersetshire, and outcrop along H the foot of the Chiltcrn Hills. 

Tjie Upper Greensand outcrops near Kingsclere, and appears also 
from Alton to Petersfield on the borders of Surrey. 

The Lower Greensand Beds are of great importance and are 
largely employed, especially in the manufacture of glass, on account 
of their purity. They vary greatly in thickness, but the average is — 


Folkestone beds 
Sandgate beds 
Hythe beds 
Atherfield clay 


. 150 ft. 

. 00 „ • 
■ , 200 „ 


In the Isle of Wight they are up to 800 ft. thick, but thin off to 
the west and north-west over older strata. In the south of England 
the Lower Greensand is chiefly found in Surrey and north-west 
and south-west Sussex. 

The Folkestone beds consist of light-coloured quartzose sands 
often full of sponge spicules with seams of chert and beds of grit. 
In mid-Kent the chert beds are more pronounced. To the west 
the beds are more ferruginous and the thick sands contain irregular 
beds of compact iron -sandstone and ironstone-grit, as in the sand- 
hills around Haslemere and Petersfield. 

The Folkestone beds near Godstone (Surrey) are rather irregular 
and ferruginous, and are subject to large variations in different parts 
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of thd beds!- Some portions are sufficiently jjure to bb employed 
for glass manufacture and for lining open-hearth furnaces, but*lhe 
bulk is used as building sand and for agricultural and scouring 
purposes. 

To the east of Godstone* around Oxted and Limpsfield the 
Folkestone sands become rather coarse and ferruginous, and are 
suitable for commoner glass-ware and for open-hearth furnace 
linings. At Reigatc (Surrey) they are*purer than round Gods tom* 
and are more regular, though some calcareous material occurs in 
them. .T. ho beds in some places are 40 ft. thick, but are also 
covered by vfrrv thick beds of overburden which render •them 
difficult of access. The sand is used for glass manufacture. Similar 
though less valuable deposits occur also at Westerham. In Sussex 
the beds extend # from Midhurst to Pet-worth, Kittle worth. Pul- 
borough, Storrington, Hassock's Gate, Ringmer, and north of 
Eastbourne. • 

In Kent the Lower Greensand extends from the south of 
Sevenoaks by Ashford to Hythe and Sand gate, the uppermost beds 
belonging to the Folkestone series. At Aylesford the Folkestone 
beds consist of pale grey or cream-coloured sands sloping in a 
northerly direction. They are contaminated, to some extent, by 
chalky matter, but the better qualities an* used for glass of various 
kinds, and are suitable for lining open-hearth furnaces. At 
Hollingbourne and Bcrstead the same beds are also worked for 
glass sand for use in bottle manufacture. 

The Kent beds are similar to those at God stone and Reigatc in 
Surrey, tKe sands occurring in cafes as at the last-mentioned place. 
The lower beds consist of the Sandgatc and Hythe beds, the latter 
containing soft layers of sand or ‘‘ hassocks.” 

Several isolated areas occur in Oxfordshire, one at- Gliddcsden, 
one three miles south of Oxford, and another at Nuneham Park ; 
the main mass extends in a thin strip from Shellingford to near 
Devizes. On Shotover Hill the beds overlie the Portland series, 
and near Oxford the sand beds are mixed with ochre and fullers’ 
earth. At the base of the Greensand at Scene! and Devizes (Wilt- 
shire) is a bed of pisdlitic iron ore 10-12 ft. thick, which is quite 
loose and friable and resembles a sand. The ore at the former 
place is used as a source of iron, whilst some of the sand is used as 
a moulding sand. 

In Hampshire the Lower Greensand occurs at Petersfield and 
extends in a north-west direction along the London and South- 
Western Railway to Guildford and thence almost due east to 
Maidstone and via Ashford to Hythe. Another area extends 
southwards from Petersfield via Midhurst to near Eastbourne. 

The southern half of the Isle of Wight is largely composed of 
Lower Greensand, which is in parts (particularly near Ventnor and 
Chale) overlain by Upper Greensand and Gault. 

The Isle of Purbeck contains isolated deposits of Lower 
Greensand. 
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The Lower Greensand occurs in the north of the Chalk area in 
Berkshire and Cambridgeshire. The Faringdon beds are probably 
on the same horizon as the Folkestone beds, but occur only round 
Faringdon (Berks.). They consist of thick, pebbly, ferruginous 
sands partially consolidated and full of sponges, polyzoa, echino- 
derms, mollusca and foraminiferae. The pebbles are composed 
chiefly of white quartz, but also include quartzite, veinstone, jasper, 
slate, etc., from palaeozoic rocks. 

The Lower Greensand in Norfolk is very different to that in 
South England. At Heacham and Castle Rising the middle portion, 
used 'for brickmaking, consists of clay with loamy layers and 
forruginous nodules, but the Carstone above it is a good building 
stone. 

To the south of Leighton Buzzard the Lower Greensand crops 
out beneath the Gault clay and extends north towards Woburn 
and to the noisth-east towards Ampthill and Biggleswade. The 
hills of Woburn, Apsley Guise, and Ampthill in Bedfordshire consist 
largely of sand belonging to this formation, together with beds of 
fullers’ earth and some boulder clay. The sands of this formation 
largely consist of coarse material, which in places gives way to finer 
beds of cherty gravels and is associated with peaty material. They 
are suitable for a variety of purposes, particularly for filters, Con- 
crete making, grinding, etc. The more ferruginous parts of the 
beds are used for building, whilst some parts are used in foundries 
and steelworks. Some of the better qualities of sand arc used in 
glass manufacture, and the cherty material is employed in grinding 
plate-glass. At Flitwick the sdnds are less pure than in the 
immediate neighbourhood of Leighton Buzzard, and can only be 
employed where their purity is not of first importance. 

The Lower Greensand beds also occur at Hunstanton, Sandring- 
ham, Downham Market, and in the neighbourhood of Kings Lynn 
at Middleton and Gayton, the formation occupying a thin strip of 
country on the eastern side of the Wash and comprising the 
Sandringham sands. The outcrop appears above sea level at 
Heacham in the north and extends southwards, becoming broader 
and attaining its greatest breadth between Sandringham and the 
Nar valley. The sand beds are for the most part thick and 
moderately consistent, but rather ferruginous. They consist chiefly 
of fine-grained, sharp siliceous sand of colour varying from pure 
white to buff or yellow, due to the presence of iron compounds and 
to the decomposition of pyritie nodules. Grey or greenish loamy 
bands occur in various parts of the beds and sometimes make the 
working difficult. The upper part of the beds, of a thickness 
varying from 30 to 50 ft., is the most valuable and comprises the 
“ white sands ” of this series. The lower part of the beds consists 
chiefly of green or ferruginous loamy sands containing phosphatic 
nodules and resting on the Kimmeridge clay. 

The Lynn sands are used chiefly for glass-making, but some is 
also used for open-hearth furnaces and other refractory purposes, 
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for moulding 1 sand, and for building. A small, amount fs also used 
for abrasive purposes. The red sands of the Lynn beds are fised 
for making dark-coloured bottles. 

Near Gayton the beds l>ecome less pure and more felspathic, and 
are used for inferior glass and also for furnace-hearths. Similar 
beds occur to the north-east of Gayton, and vary from 30 to 40 ft. 
in thickness ; they are covered by Glacial Drift, and are used for 
bottle glass. • 

The best portions of the Lynn sand are approximately equi- 
valent to the Dutch and Belgian glass - sands imported into this 
country. * * 

At Hartweel, near Aylesbury, Buckinghamshire, the Lower 
Greensand beds are worked for glass-making. To the west of 
Aylesbury, at Stqne, the sand is very pure and white, and occurs 
in a bed about 18 ft. in thickness, the sand being broken by inter- 
stratified seams of peaty and ferruginous material which make 
working sdmewhat difficult. This sand is largely used in the manu- 
facture of flint glass. The best qualities of sand from Aylesbury in 
Buckinghamshire are equal to, though of less extent than, the 
Fontainebleau sand, and are among the best glass-sands in the 
country. In some places in Buckinghamshire these beds have lost 
their sandy nature and have been cemented into a hard rock. 

To the north the Greensand occupies a long straggling urea 
from Grassby and Caister to Spilsby and Alford in Lincolnshire. 

In Ireland the Hibernian Greensand corresponds to the Lower 
and Middle Chalk beds of Engl ami, and consists of green and yellow 
glauconitic sands with beds of grey marl and chert, the sands in 
some places weathering to a red colour These beds vary in thick- 
ness from 10 ft. near Larne to 80 ft. near Belfast. 

The Gault which separates the Upper and I^ower Greensands is 
of no importance as a source of sand, as it consists, for the most 
part, of a stiff black or dark blue clay of marine origin. It is 
occasionally sandy and calcareous, and usually contains nodules of 
pyrites, marcasite, and phosphate of lime ; layers of greensand and 
septaria also occur. 

The Chalk formation occupies a large area, particularly in the 
south of England, but it is unimportant as a source of sand, no 
noteworthy amount of commercial sand being obtained from it. 


TERTIARY SYSTEM 

The Tertiary System includes all the materials deposited after 
the Chalk and before the Glacial Drift. These deposits are usually 
well defined, some being of marine and others of fresh-water origin, 
and of somewhat loose texture. They consist chiefly of clays and 
sands, with sandstones, grits, and marls as accessories. They may 
be arranged as shown in Table VIII. 

VOL* I 
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Pliocene . 
Miocene . 


Olioocene 

Eocene 


Table VIII.— Tertiary System 

Mammal if orous Crag of Norfolk and Suffolk. Red Crag 
of Norfolk and Suffolk. Coralline Crag. 

Supposed, on palaeontological grounds, not to be repre- 
sented by any of our British strata unless the leaf beds 
of Mull, the lignites of Antrim, and the lignites of Bovey 
Traeey in Devonshire bolong to this period. This is 
extremely doubtful. 

Hamstoad Beds, Bombridge Beds, Osborno Beds, Headon 
Beds. 

Barton Beds, Bracklesham Beds, Bagshot Bedi-, London 
Clay Beds, Oldhaven and Blaekheath 'Beds, Woolwich 
and Heading Beds, Bognor Beds, Thanot Beds. 


In England the Tertiary rocks have suffered no internal change 
from igneous action, though they have been much displaced since 
their formation •; they now chiefly occupy the basins of London and 
Hampshire, and are represented by the steeply inclined strata of 
the Isle of Wight. 

The Eocene strata are very important as a source of sands, 
many of the beds yielding valuable deposits. They may be divided 
into two sections, the Upper and Lower Eocene formations, the 
former containing the Bagshot, Bracklesham, and Barton Beds, and 
the latter the Tlianet, Bognor, Woolwich and Reading, Oldhaven 
and Blaekheath Beds, and the I^ondon Clay. These beds are 
included in the London and Hampshire basins, which commence on 
one side on the northern coast of Suffolk and pursue an irregular 
course in a south-westerly direction through Hertford (St. Albans), 
Essex, Kent, Surrey, and South Middlesex, Buckinghamshire to 
Berkshire (Windsor and Reading), and Hampshire. The beds also 
extend south-east from Oharminster (Dorset) and north-east along 
the edge of the Upper Eocene, which lies over them, through Cran- 
boume, Downton (with an outlier at Salisbury) to Tycherley, then 
south-east through Bishops Waltham, Bursledon, Fareham, Por- 
chester, Portsea, Havant, Chichester, Arundel, and Worthing to 
St. Lancing. Several outliers occur at Seaford. A narrow strip 
G mile wide) lies across the Isle of Wight froifi the Needles to Culver 
Cliffs. Commencing with several outliers at Great Bedwin, the 
beds also extend south of Hungerford, eastwards through South 
Berkshire and North Hampshire (with large outliers at Great Fawloy, 
Winterbourne, Chievcley, Bradfield, Reading, Mapledurham, Ship- 
lake, and Wargravo) to Windsor, Beaconsfield, with outliers at 
Turville, Taplow, Rickmansworth, Chesham, Abbots Langley, 
St. Albans, Uxbridge, through the greater part of Middlesex to 
Hertford. There are further outliers at Digswell, Dutchworth, 
and Sacombe. 

Almost the whole of Essex, except the coast and the chief 
river valleys, is of this formation, as is also North Kent. In the 
last-named county, however, the main mass ends at Hartford, 
and the remainder consists of a series of irregular areas, all of 
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which are *fco the north of the railway line from 'Ijondon to 
Canterbury. * * 

To the north of Essex the formation continues into Suffolk 
through Sudbury, Hadleigh, and Ipswich. South and east- of 
Ipswich the formation becomes straggling and much overlain with 
Pliocene deposits, until it ends at Wood bridge and Orford. 

The Thanet Beds consist chiefly of tine sands and clayey sands 
of marine origin, together with lignite, ))ebblcs, coloured clays, 
shingle, and loam, with l)eds of rolled Hint and marine shells. 
They nowhere exceed OO-XO ft. in thickness, and decrease west- 
wards. As tlTeir name implies, they are well devclo|K‘d ifi the 
Isle of Thanet and in the northern part of Kent. In cast Kent 
they pass downwards into thin beds of loamy clay, and in some parts 
to a sandy marl. 

At ('harUon (Kent) the upper parts of the Thanet bods arc 
used for bottle glass, whilst the lower part, which refctson the (.'hulk 
formation , ms worked for the famous “ Blnckfoot ” moulding sand 
(“ Erith sand "). A similar bed is worked in tin* vicinity of 
Rochester for use in bottle glass. 

Between Erith and Crayford the bods are rather thin, but they 
become thicker again at St. Mary Cray, where they are heavily 
covered by Woolwich beds. 

In Essex the Thanet beds only occur in the extreme south, 
and in a thin irregular line from Ware to Ipswich. 

towards the south and west of tin* Ijondon basin the Thanet 
sands become of small importance, the only valuable outliers 
occurring' in Surrey, from the .-South of Croydon to Beddington 
(where the sand, which is covered with gravel, is used for making 
sand-lime bricks), and to the south-west of Banstead, at Walton - 
on-Hill, Warren Farm, and on Miekleham Downs. In Berkshire 
their place is taken by a loamy deposit, known geologically as the 
“ basement bed *' of the Reading scries. 

The Bognor Beds, which occur between the; Thanet beds and 
the Woolwich and Reading series, eonsist chiefly of marine loams, 
and are not of importance as sources of sand, though the sand 
in them is valuable aS*a constituent of the material used for brick- 
making. 

The Woolwich and Reading Beds comprise a series of coloured 
sands, pebbles, and mottled clays of very irregular character. 
At Reading and in the Hampshire basin they are mainly of fresh- 
water origin, but east of London they also contain estuaro-marine 
remains. They appear to have been deposited by a great river 
discharging into the Eocene sea near Woolwich, the estuary being 
occupied alternately by fresh and salt water. As the beds are 
traced westward they show increasing evidence of fresh-water 
origin, ‘whilst eastward they become of an increasingly marine 
nature. These beds are most noticeable in the neighbourhood 
of the towns whose name they bear. The sands and loams of this 
formation are valued as additions to the fat clays from the same 
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beds which’ are used for the production of high-clads tiles and 
terra -cotta. * 

The Woolwich and Reading beds consist of : 

(1) Alternating layers of sand and grey clay rich in fossil 

remains. • 

(2) False- bedded sands rich in marine fossils. 

(3) Reddish mottled plastic clays devoid of fossils. 

The Woolwich beds are far less extensive than the Reading 
beds, and whilst well developed at Charlton, near Chislehurst, 
and Opnor, near Rochester, they are not found farther west than 
Croydon. Eastwards they develop into the Oldhaven-Blackheath 
series, and are thickly covered with buff and white sands. 

Over the whole of Middlesex, Reading beds occur beneath the 
London clay. 

In Suffolk the Reading beds consisting of fine sands and loams 
are valued in brick-making, being mixed with the highly plastic 
London clay, and in some cases used alone. The buff Reading 
sands of Norfolk and Suffolk and Essex have been suggested for 
glass-making, but have not as yet been used for this purpose to 
any great extent. 

Between North Mimms and Hatfield Park the Reading beds 
are about 23 ft. thick, and are covered by 7 ft. of loam, 20 ft. of 
London clay, and several feet of gravel. Between Aldenham and 
Radlett the beds are sandy and laminated. Near Rickmansworth, 
Watford, Hatfield, and Hertford the Reading beds overlie the Chalk. 
In some places the sand and pebble beds are cemented iffto a hard 
rock. Between Rickmansworth and Harefield the Reading beds 
lie on the higher ground, though with a straggling outcrop, and 
run northwards on the hill -sides. Near Perry’s and Moor Park 
there is a large patch of Reading beds (about two and a half miles 
long) which (unlike most of the formation of the district) is entirely 
free from a capping of London clay. 

A little farther south, at Harefield, the Reading bods consist 
of 8 ft. of grey loam and 15 ft. of mottled grey and rod clay, with 
alternate layers of sand and clay beneath? but the layers vary 
considerably in thickness. 

Somewhat farther west, and immediately south of Amersham, 
two outliers of Reading beds occur. To the east of Chalfont 
St. Giles several other outliers of Reading beds again crop out. 
The Reading series is remarkably well developed around 
Beaconsfield, though much covered with gravel in places, except 
in the south, as at Hedsor, Brook End, and near Poyle, and inter- 
mediately at Hickenham. 

Still farther south — between Mumford and Edgerley Hill, and 
expanding to both east and west — the Reading beds are extensively 
exposed, and, near Hedgerley, are about 30 ft. thick. 

Reading beds occur to the south-east of Salisbury, round 
Clarendon Hill and Downton and near Great Bedwin, whilst near 
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>he New Fdrest they are overlain by Bagshot beds. Reading beds 
jccur in the north of Hampshire, extending from Farnbo rough to 
iilchester and westwards to Kingsclere. They also occur to the 
louth of Winchester. In the Hampshire basin the sands are 
practically absent, only the clays being present. 

In Sussex the Reading beds which occur at Newhavcn and to 
die west of Brighton are concealed by the Coombe rock. 

South of London the Reading b#ds are covered ; they were 
formerly accessible on the north and west of Croydon, but building 
Dperations have stopped their use near this town. From a line 
joining Hog’jf Back, Merrow Downs, Great and Little Booikham, 
Ashtead, Epsom, and Ewell, the beds run in a southerly direction. 
Near Leatherhead, Ashtead, and Epsom the beds consist chiefly 
of a kind of sandy loam, which is used for gasworks refractory 
materials. There is a large outlier at Knowle Hill and to the south- 
west of Banstead at Walton -on -the -Hill, Warren Farm, and on 
Mickleham Downs the beds overlie the Thanet sands. The 
Woolwich and Reading beds run almost due north and south* at 
Epsom, and swell out to a thickness of many feet in one locality, 
yet decrease rapidly in another. At Ewell there is about 20 ft. 
of clay and 10 ft. of sand, but, as already noted, the beds may vary 
considerably in thickness in other parts of the same district. 

In the district round Aldershot the Reading beds crop out in 
a narrow band, running east and west about a mile from Weyburn 
and Tongham. 

In Berkshire the Reading beds usually lie too far below the 
London clay to be available, Except for an inlier near Mount 
Scipput to the south of Maidenhead, which brings them to the 
surface, where they consist of light and buff-coloured sands showing 
oblique lamination, with irregular beds and lenticular masses of 
mottled clays. 

The greatest developments of the Reading beds are in the 
immediate neighbourhood of Reading, though their extension 
farther west to Hungerford and Marlborough is important. The 
sands are valuable, and are largely used, together with the (days 
found in the same district, for bricks, tiles, finials, and moulded 
terra-cotta works, etc., the combination forming one of the best 
red-burning materials in the country. The main mass lies to the 
east, west, and south-west of the town, but large outliers occur 
on the chalk downs to the north at Caversham Park, Chause Heath, 
Rotherfield, Peppard, and between Whitchurch and Wood cote. 
Farther to the east of the town of Reading the beds are thicker, 
but of little value. The beds usually have a superficial covering 
of gravel. 

> Although the general characters of the different beds are 
tolerably constant, they vary continually within small limits. 
Owing to this great variety each stratum must be kept distinct 
when working these deposits. 

Around Marlborough the Reading beds lie in patches on the 
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highest ridges on the chalk downs, and form the remitants t>f the 
inaifi Reading beds which once covered the Chalk. In Marlborough 
Forest the beds arc too thin and too disturbed to be valuable. 

The Oldhaven and Blackheath Beds form bands of sands and 
pebbles. They occur near Blackheath, Bromley, and near Old- 
haven Gap east of Herne Bay, but are of small commercial 
value. 

The London Clay contaiifb no commercially useful bods of sand, 
but that which is mixed or stratified with it is of considerable 
value in brick-making, the clay alone being much too plastic to 
mak<f satisfactory bricks. In some small areas, d!s at Watford 
Heath, the London clay overlies 10 ft. of clean sand, and at Harrow 
it is capped by Bagshot sands. 

The Upper Eocene Beds, consisting of the Barton, Bracklesliam, 
and Bagshot beds, lie above the London clay, and occupy an area 
from Chertsey •and Woybridgo west towards Woking, Aldershot, 
Chobham, Bagshot, Ascot, and Sandhurst, and again between 
Reading, Newbury, and Kingsdere. In the Hampshire basin 
these beds occur over much of the New Forest and west to Wareham, 
and extend in a narrow strip right across the Isle of Wight. These 
beds are chiefly comprised in two large areas : (a) the London 
basin, which is enclosed in a triangle, two of whose sides are formed 
by two lines drawn from a point twenty miles west of Reading, 
one passing through Norwich and the other through Canterbury ; 
(b) the Hampshire basin, which comprises the Isle of Wight and 
a triangular area extending on the north to Salisbury, on the west 
to .Dorchester, and east to NewAavcn. Unfortunately, the sands 
in this large area are of small commercial value, as the beds are 
small and the sands very impure. 

Tho Bagshot Beds form the lowest strata of the Upper Eocene 
formation and lie normally above the London clay, but are less 
widely distributed. The main mass of this formation occupies 
a large area bounded by Aldershot, Winehfield, Eversley, Woking- 
ham, Ascot, Chertsey, Weybridge, Woking, and Ash, whilst smaller 
patches occur between Reading, Newbury, and Kingsdere. In the 
Hampshire area the Bagshot sands extend* over the New Forest 
and westwards to Wareham, and across to the east of the Isle of 
Wight. The Bagshot beds also occur in the New Forest round 
Bournemouth. Though known as sands, they arc rich in clays 
of a loamy character, and the more sandy portions are excellent 
for mixing with the tougher London clay, but have little direct 
commercial value. 

In Essex the Bagshot series are limited to outliers near Brent- 
wood, Rayleigh, east of Epping, Highbeech, Laingdon Hill, and a 
few smaller patches. The outlier extending from north of Rayleigh 
to just south of Hadleigh and south-west to Benfleet is of a very 
irregular shape. Around Hadleigh it is covered with pebbly 
gravel, but the remainder is practically free. 

Bagshot sands form caps to the hills of Harrow, Hamstead, and 



iJAUStlUT 55A1NUB 


Highgate. • At Finchley and Hendon cappings of boulder clay, sand , 
and gravel occur. » 

In Surrey, to the south of Esher, the BagsJiot sands crop out on 
the higher ground, and are valuable deposits, though used only to 
a limited extent. In this district the area they cover is a rough 
triangle, with its apices at°Esher, Ockshot Street, and Gobham. 
The Lower Bagshot beds'consist chiefly of fine yellow clayey sands, 
with irregular beds of multicoloured slay especially abundant near 
Woking, Horsley, and Egham. They are also well developed to the 
east and south of Weybridge, but are much covered with gravel. 
At St. Georg* \s Hill and Wey bridge the Bagshot beds arc vejy pale 
and comparatively pure. It is possible that they might be used 
for glass-making and for the hearths of open-hearth furnaces. 

There is a small outlier of Bagshot sand at Wimbledon. 

The Middle Bagshot beds in this district are less argillaceous, 
the clays being very sandy, and towards Winchliejd they gradually 
thin off- They are covered by thick beds of Greensand. The 
Middle Bagshot beds are also prominent on the high ground forming 
St. George s Hill and Bed Hill. 

The Bagshot beds arc most conspicuous in the district from 
which they derive their name, lying between Ascot and Woking 
and extending north-westwards beyond Bracknell. He re the lower 
beds consist chiefly of a sandy loam which is largely used in brick- 
making. 

# Around Aldershot the Lower Bagshot beds run in a north- 
easterly direction and westward to the Horne and Ewshott. To 
the west of Aldershot the Uppwr Bagshot beds consist largely of 
sand ; the Middlo Bagshot beds are well developed to the north- 
east and north-west of Aldershot, l>eyond an outlier of Upper 
Bagshot sand. The beds consist of alternating layers of thin clay 
and good sand, and extend westwards towards Crook ham. At 
Fordingbridge, in West Hampshire, the Bagshot sands are white, 
grey, or coloured, and are associated with peat. White Bagshot 
sands are also worked in the neighbourhood of Lymington and 
Brockenhurst in Hampshire. Near Marlborough, on the extreme 
end of the London, basin, Bagshot sands cover the outcrop of 
Reading beds between Oare and Bueklebury. They are more fully 
developed to the south of the river, and consist largely of fusible 
clayey sands. Upper Bagshot l*eds capped by gravel occur from 
Easthampstead Plain southwards to the further end of Chobhath 
Ridge and westwards to Edge burrow Hill, with three j>ermanent 
outliers — one at Duke’s Hill and the others on Bagshot Heath. 
They contain very little clay except in a few portions where 
sandy “ rubber bricks ” are made. 

South and west of Wokingham the Middle and Lower Bagshot 
beds are also extensive, and the town itself is built on an outlier of 
the latter. The Upper Bagshot beds are very scanty in this 
district. Eastwards towards Windsor the Bagshot beds pass 
gradually into the London clay, and are frequently capped with a 
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stony deposit. The Upper and Middle Bagshot beds are the. most 
sandy — the Lower bods containing more clay, including the famous 
Dorset ball clays, which are associated with beds of sand of varying 
thickness. 

Kaolin-bearing sands containing a large amount of tourmaline 
occur, associated with ball clays and* lignites, in the Bovey basin, 
Devonshire, where they are worked for refractory purposes. South 
of Torrington in North Devop> clayey sands which occur in associa- 
tion with peaty clay are also worked for refractory purposes. 

The Bracklesham Beds occur on the east and west of the Isle 
of Wight, and consist chiefly of sands, marls, and loams, together 
with lignite beds. They contain no beds of sand of commercial 
importance. At the western end of the Bracklesham beds both 
they and the Lower Bagshot beds are very sandy, and there is little 
to distinguish the two. 

The Barton Beds may belong either to the Eocene or Oligocenc 
formation, as there is very little distinction in this country between 
the Eocene and Oligocenc beds. They are similar to the Brackles- 
ham beds of the Isle of Wight, and occur extensively as loams in 
Hampshire and north-western Surrey. They are well developed 
between Lymington and Christchurch, near Portsmouth and 
Gosport, round Southampton, and in the Bagshot district. Like 
the Bracklesham beds, they contain few beds of sand of commercial 
importance, but some portions are useful for building and foundry 
work, and at Longtown, near Southampton, the Barton beds (15 Jt. 
thick) have been worked for glass sand for many years. 

The Oligocenc formation occurs* in the north of the Isle of Wight 
and on the Hampshire coast. It consists of fresh-water and marine 
limestones, and clays which are grouped as the Headon, Osborne, 
Bembridge, and Hamstead beds. The Bembridge beds contain 
intervening layers of sand, but they are not of great importance. 
The Osborne series contains various beds of calcareous sands inter- 
stratified between shales and marls, but the formation is very 
irregular and of little value. The Headon beds consist of clays, 
marls, and sands, with occasional beds of limestone and seams of 
lignite. 

In the Headon beds are some very useful sands, the most 
important being the Headon Hill sands which occur in Alum Bay,*, 
Isle of Wight, and to the south-west of Yarmouth, where they are 
associated with beds of lignite and contaminated by ferruginous 
matter. These sands have been used for glass-making in the past, 
though not at present. Similar deposits occur on the opposite side 
of the Isle of Wight in Whitecliff Bay, but they are neither so pure 
nor so useful. 

On the Continent the Upper Oligocene formation near Paris 
yields the famous Fontainebleau sand, which occurs in association 
with lignites. 

The Miocene formation is supposed to be absent from the British 
strata, but on the Continent thus formation contains very valuable 
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deposits of* sand associated with braunkohle. The famous Lippe 
sand, which is largely used for gloss-making and for silica *are, 
belongs to this formation, and occurs at various places in Germany, 
including Dorentrup in Saxony. A similar deposit, known as the 
Hohenbocke sand, occurs at {lohenbocke in Prussia, and is also of 
Miocene age. 

The Pliocene or Crag Series consists of shelly sands and gravels, 
with occasional beds of shallow marine clays int erst ratified between 
them. It is divided into three portions, as shown in Table IX. 


Table IX. Pliocene Formation 

A. Mammaliforous Crag of Norfolk and Suffolk. 

(«) Forest Bed of Cromer. 

,(6) Weybourno Crag. 

(<:) Chiilesfonl Crag. 

(d) Norwich Crag. 

B. Red Crag of Norfolk and Suffolk. 

C. Coralline Crag. 

The Coralline Crag consists chiefly of shells and polyzoa in 
calcareous sand, or it may be compact, forming llaggy beds of 
limestone. In some places it passes into indurated beds of cal- 
careous sandstone from which the shells have l>een for the most 
part dissolved away. 

# The Red Crag consists of a deep ferruginous shelly sand together 
with loam. It contains an abundance of marine shells ; many of 
them have been rolled and comminuted. It occurs at Walton-on- 
the-Naze and over a great part of eastern Suffolk, from Felixstowe 
to Aldeburgh. The upjier part of the lied Crag beyond Aide burgh 

S asses into a pale shelly sand and gravel, which, together with newer 
eposits of like character, are grouped as the Norwich Crag series 
or Mammaliferous Crag, which extends from Dunwich to Norwich 
and Wey bourn. 

Pliocene beds also occur in pipes in the Chalk at Lenham and 
other places in the North Downs, in Cromer Forest, and also on the 
coast of Norfolk and Suffolk, but are of no commercial value. 

The Pliocene sands at St. Erth, Cornwall, provide the well- 
known Cornish Red and Cornish Yellow moulding sands, but the 
deposits are of very limited extent and will be worked out in all 
probability within a few years. 

Similar beds, probably of Pliocene age, occur near St. Agnes 
Beacon, Cornwall, the best beds occurring below the red sand and 
“ candle clays.” They have been used as refractory materials, but 
the deposits are not of large extent and would soon become 
exhausted if worked commercially. Most of the Pliocene sands of 
this country are very ferruginous and of inferior quality. The 
Belgian sands imported for glass manufacture are chiefly of Pliocene 
age. 
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POST-PLIOCENE SYSTEM 

The Post-Pliocene System consists of— 

(а) Recent deposits. 

(б) Glacial beds. 

The Glacial Beds consist of boulder* clay or glacial drift clay, 
sand, gravel, and boulders. • They form a “ blanket ” over a large 
part of the country, particularly in Northern England, Scotland, 
and Ireland, and are a product of a period known as the Glacial or 
Great Ice Age, when the surface of the land was covered with a 
thick and heavy ice mantle, which in its seaward descent smoothed 
and grooved rocks over which it passed, forming the lower boulder 
clay, whilst masses laden with boulders and gravel from other 
regions were dropped on to the surface and carried by the glaciers 
which flowed over the land. When the glaciers melted they left in 
the form of a deposit the material known as Glacial drift or “ boulder 
clay.” This material varies enormously in composition, but is 
readily recognised by the peculiarly marked boulders and other 
stones found in it. Most of the materials removed arc? carried away 
at the sides and on the surface of the glacier, and when deposited 
form a long irregular ridge or lateral moraine . ; some material falls 
through the ice on to the bed, and, with other material occurring 
there, is termed a moraine jrrofonde ; the material deposited at 
the end of a glacier is called a terminal moraine. The drift left by 
the ice sheet usually has an undulating surface with mounds and 
depressions, the latter being the* sites of earlier lakes or marshes. 
The mounds are composed chiefly of stones, gravel, and sand, with 
some clay. 

Towards the close of the glacial epoch the deposition of the 
boulder clay ceased and its denudation began. On the low plateaux 
of the eastern counties it is often succeeded by coarse gravels, 
largely composed of flint more or less water-worn. These occasion- 
ally include small intercalations of boulder clay, and have evidently 
been derived from it, and indicate movement by fairly strong 
currents. Similar gravels are found overlying the boulder clay in 
other parts of England, sometimes at great heights above sea-level. 
Occasionally the two are intimately related. For instance, a pit 
on the broad, almost level top of Gogmagog Hills, about 200 ft. 
above sea-level and four miles south of Cambridge, shows a current- 
bedded sand and gravel, overlain by a boulder clay, obviously re- 
arranged ; while other pits in the immediate neighbourhood expose 
varieties and mixtures of one or other material. But as true 
boulder clay occurs in the valley below, these gravels must have 
been deposited, and that by rather strong currents, on a hill-top, 
a thing which seems impossible under anything like existing 
conditions. 

Glacial drift is found alike on upland and vale, especially in the 
Midlands ; but farther south its progress appears to have been 
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barred to some extent by the Chil tern Hills, and more definitely by 
EdgehilJ and the Northern Cotswolds, though there is a large tract 
of boulder clay between Dmmiow and Epping, with an apparent 
extension southwards to Hornchurch, where it lies below the 
Thames gravel. This drift t^vers the greater part of Lancashire 
and Yorkshire; it is well seen in cliffs at Blackpool, Filey, and 
Withernsea. The drift above the Lias rocks occupies the eastern 
part of Leicestershire. The drift of the Midlands consists of gravel 
beds and gritty loam. In Yorkshire, bods of sand and gravel 
separate the more clayey portions of the glacial drift. In the north 
of Lincolnshire glacial drift occurs plentifully, with much glacial 
sand. 

Norfolk is largely covered by boulder clay, except in the west ; 
and the same material is scattered irregularly over Suffolk. North* 
east Norfolk has* many fertile loams, with lighter lands of sand, 
gravel, and marl. The drift also covers much «f Warwickshire 
and most of East Shropshire, but it is absent in Oxfordshire, except 
on the north-eastern border where it joins Buckinghamshire. 

In the? Welsh valleys much graved is mixed with the drift. 

In Scotland the drift is very extensive in Aberdeenshire, 
particularly in the east, where it is frequently more than 100 ft. 
thick. It also occurs extensively in Banffshire, Bute, Caithness, 
Dumfriesshire, Midlothian, Fife, Inverness-shire, Perthshire, and, 
in short, all over Scotland. 

• Ireland formed the western boundary of the British glacial 
drift, but also appears to have been the centre of another ice-sheet 
radiating from Fermanagh. The east and central portions of 
Ireland are extensively covered by drift up to 100 ft. and more 
in thickness, which contains very little clay, being almost wholly 
composed of silt, sand, gravel, and stones. The Green Hills oi 
“ Eskers ” in the central plain arc entirely composed of sand and 
gravel. 

There has been much denudation since the drift was first spread 
over the land, as valleys have been scooped through it, separating 
it into outlying masses. 

The drift is often divided into two parts, the. Upper and Lower 
The lower drift consists largely of clay containing boulders, witl 
little sand and gravel ; whilst the upper beds contain very littk 
clay and few boulders, but consist largely of gravel, sand, and silt 
These upper beds are probably derived from a rearrangemen 
of the lower ones. 

Glacial drift does not pay to treat mechanically in order to 
separate the sand from the other materials. All that can be done 
is to confine the workings to the more sandy portions of the deposit. 
For this reason a large proportion of the drift is of no commercial 
value as a source of sand, but some of it is useful. Thus the 
glacial sands of Lancashire between St. Helens and Ormskirk, 
at Crank, Rookery, Rainford, Kings Moss, Skelmersdale, etc., are 
worked to a depth of about 4 ft. The sands are brownish in colour, 
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and contain much peaty matter ; they are suitable .tor common 
bottle glass and for the production of scouring soap. 

Fairly pure glacial sands also occur at Carstairs Kames, near 
Glasgow, Parrock Hall, north of Barrow-in-Furness, and at Harring- 
ton and Workington (Cumberland) ; t they are worked for pig-bed 
sand. Glacial sands occur in Durham, forming with various loams 
a bed about 60 ft. thick, the top and bottom portions containing 
the best sand. Glacial sani and gravel forms a low ridge to the 
south of Beighton, near Sheffield, where it is worked as moulding 
sand. Similar beds also occur round Mansiield. Small deposits 
of commercially useful glacial sand also occur in •various other 
localities, but are not of great importance. Glacial sands are 
worked at Bentham (Yorks.) for moulding sand, and also at Heck, 
near Selby, for concrete and building purposes. 

The Bridlington sands occur at the base of 'the boulder clay 
at Bridlington, *and consist of particles of argillaceous greensands 
somewhat shelly and rather thin. They have apparently been 
detached from an older bed. They have been used as building 
sand, but are not very suitable for this purpose. The glacial sands 
round Carmarthen are loamy and somewhat micaceous. In colour 
they are yellow, buff, or grey, and contain minerals similar to the 
Lower Piiocene sands of Cornwall. These sands are used for 
building purposes. Some of the glacial deposits of Shropshire 
are worked for moulding sand. Drift deposits of sand and gravels 
and boulder clay partially cover the Lias and New Red Sandstone 
of Warwickshire, the Chalk in Central Norfolk, and also to some 
extent in the west of the count 3^ At Gorleston and other places 
shells are found in abundance in the sand. They also overlie 
the Crag Rocks at Kcnsingland and Pakeiield, and to the north 
of l^owestoft in Suffolk. In Suffolk they also occur at Sudbury 
and Ipswich. At the latter place they are worked for steel- 
moulding sands, and have been suggested by Boswell as suitable 
for furnace hearths. 

Sands occur in the? drift deposits which cover a large part of 
Ireland, the sands frequently containing considerable quantities 
of marine shells. The “ manure gravels ” of Wexford belong to 
this class. 

The Recent or Post-Tertiary deposits include all those which 
have been formed since the “ drift,” and include the products 
formed by the action of the weather on many of the older rocks. 
They cannot be classified according to their position, but are 
preferably arranged according to the chief agent concerned in 
their origin, as is done in Table X. 

Table X. — Recentt Deposits 

(а) Accumulations of sand, gravel, and alluvial silt in river valleys. (See 

Alluvium, Chapter III.) 

(б) Terraces of gravel, etc., in valleys, marking former water-levels. High- 

level and low-level gravels. 
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(c) Deposits sand, silt, shell -beds, and vegetable drift in estuaries, form- 

ing deltas. • 

(d) Ancient deltaic deposits, forming alluvial plains, carses,' etc., partly of 

fresh-water and partly of marine origin. 

(e) Lacustrine accumulations now in progress. 

(/) Lacustrine or lake silts filling yp ancient lakes. 

(g) Shell and clay marl formed in ancient lake basins. 

I h ) Littoral silts, sand-drift* shingle beaches, etc. ; raised or ancient 
beaches ; submerged forests. 

(i) Pelagic or deep-sea deposits and accumulations, os forarniniforal ooze, 

red-clay, burden of icebergs, etc. 

(j) Calcareous deposits, us calc-tuff, travertin, etc. 

( k ) Silicefms deposits, as siliceous sinter, etc. 

{/) Saline and sulphurous deposits from hot springs, volcanoes, etc. 

(m) Bituminous exudations, us pitch-lakes and the liko. 

(n) Vegetable matter, peat-mosses, jungle growth, vegetable drift. 

(o) Animal matter, shell-beds, coral-reefs, osseous breccia, etc. 

(p) Soils — admix tinea of vegetable and nnirnul matters. 

( q ) Elevations and depressions caused by earthquakes. 

(r) Displacements produced by volcanic eruption. • 

(s) Discharges of lava, scoriae, dust, and other matters. 

(t) Aerial or wind-blown deposits, as the sand-dunes of the Lancashire and 

other coasts, and the material deposited under desert conditions. 


The most imjtortant sands in these superficial deposits are the 
dune and shore sands. The shore sands of Britain are generally 
rather impure, and vary in colour from pale grey to dark brown. 
The purest are found on the Isle of dura, which art* produced by 
the* disintegration of Dalradian quartzites. There are also a 
number of fairly pure shore and dune sands in Ireland, the principal 
.ones being at Ardara (Co. DoAegal), Ballycastle (Co. Antrim), 
Coalisland (Lough Neagh), the shores of the river Foyle, Millifde 
(Co. Down), Portrush (Co. Antrim), Rosslare (Co. Wicklow), Sandy- 
mount Strand (Dublin), Silver Strand (near Wicklow), and Sutton 
(near Dublin), whilst other fairly pure dune and shore sands have 
been reported at Montrose, Aberdeen, Culbin, Hamburgh, Hartle- 
pool, Blyth, and Lowestoft. Then? an? many other deposits, too 
numerous to name, of lesser purity which occur all round the coasts 
of Great Britain. 

The dune and shore sands in this country are usually ferruginous 
except where they have been derived from the disintegration of 
some of the purer quartzites or sandstones. The purest dune 
and shore sands are used in some cases for glass-making. The 
Irish sands mentioned above have been used for this purpose, as 
also has the Jura sand. Only inferior qualities of glass, such as 
common bottle glass, can, however, be made from most shore sands, 
though the Jura sand may be suitable for better-class goods. 

The shore sand at Swansea has been used for the hearths of 
copper-smelting furnaces. 

The less pure sands are used for a variety of purposes, including 
building, concrete, etc. 

Some of the shelly shore sands have been used for dressing 
land. Metalliferous shore sands occur in many parts of the world. 
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and are valuable for the minerals they contain. Further informa- 
tion* on shore and blown sands will be found under their respective 
headings in the next chapter. 

Many river sands of recent age are dredged for various purposes. 
The Thames sand is used for concrete-making, brick -making, and 
as a moulding sand for casting iron. The sands of many other 
rivers are also used fgr similar purposes. 



CHAPTER IH 

THE CHIEF CHARACTERISTICS OF VARIOUS SANDS 

In this chapter the sands, and rocks from which sands are derived, 
are arranged alphabetically, the characteristics of each material 
being briefly indicated. This arrangement is more convenient 
than any other with regard to many of these materials. 

Abrasive Sands are used for grinding and polishing various 
materials. At one time only natural sands were used as abrasives, 
but they have been largely replaced by artificial sands, produced 
by crushing emery, or the various artificial abrasives such as 
carborundum, corundum, etc. Many of these* artificial sands are 
known by trade names. (Sec also Carlxtrundum , p. K(>, and 
Corundum, p. 93.) 

Abyssal Sands arc extensive masses of fine detrital material 
produced originally at great deptfis in the sea, by one or all of the 
following processes : 

(а) Transport of material from the land to the sea and deposition 
in the latter. 

(б) Deposition of calcareous, siliceous, and other materials 
(including the dead casts of shellfish, organisms) from sea-water. 

(c) Deposition of material produced by subterranean volcanic 
eruptions, etc., and thrown into the sea. 

The abyssal deposits usually consist of very minute particles. 
Their composition is extremely variable, though often very constant 
over relatively large areas. Deposits which are at present covered 
by a sufficient depth of water to be correctly termed “ abyssal ” 
are of no commercial value, as they are almost inaccessible. 

Adobe is a term used for a sandy material, sometimes containing 
a considerable proportion of clay, which occurs in the plains and 
basins of the Western States of North America and in some of the 
arid parts of South America, and is very similar to the “ loess ” 
of Europe and Asia. It is probably of fluviatile origin, though 
possibly partly due to aeolian action. It is not found to any great 
extent in this country. This “ adobe ” should not be confused 
with the adobe used in the counties of Devonshire and Cornwall 
and some parts of Somersetshire for building ; the latter consists 
of a mixture of clay or earth, stones, straw, and hair. 
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Aeolian 'Sands, see Blown Sands (p. 82). 

Alluvium is a general term used to denote any material derived 
from pre-existing rocks which has been carried by water from its 
place of origin to an estuary or other situation where the reduction 
of tho speed of the water permits •deposition. Alluvium occurs 
in deltas, mud-flats, and similar deposits, and the particles may 
be of any size from the finest mud to pebbles ; usually, however, 
it consists of a mixture of siPi and sand. 

Alluvial deposits occur very extensively in the east of England, 
in Yorkshire, Lincolnshire, Cambridgeshire, and Nottinghamshire ; 
also Around the Wash and on the coasts of Suffolk* Essex, Kent, 
and Sussex. To the west they are found in Somersetshire and 
Lancashire, but seldom in Wales, except for a small patch to the 
south of the mouth of the Dovey at Llanefelyn and on the northern 
coast of the Bristol Channel between Portskewet and Cardiff. 

Alluvial deposits arc sometimes of considerable depth, those 
in the Thames Valley at Tilbury Docks being nearly (50 ft. deep. 

Alluvium frequently contains calcareous matter, the proportion 
varying in different districts, according to the conditions under 
which the deposit was formed. Many alluvial deposits contain 
metalliferous sands. (See Placers , p. 133, and Gem-sands and 
Gravels , p. 112.) 

Tho material found in vales tilled with glacial drift or boulder 
clay is sometimes termed alluvium, though a closer examination 
will show that it is of glacial origin. Hence the term “ alluvium ” 
when used by some writers must be understood as referring to 
superficial deposits as distinct from solid beds, rather than to those 
of definitely alluvial origin. 

Ar$nes are sands produced by the decay of various igneous 
rocks, especially basic rocks such as trap-rock, basalt, etc. They 
are slightly hydraulic, and are similar, though far inferior, to 
pozzuolana (p. 13(5) and trass (p. 1 65). Table XI. shows the 
composition of some French arenes. 


Table XI.— Chemical Composition or Arenes 
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Argillaceous Sand, see Clayey Sand (p. 92). ’* 

Asphaltic Sands contain a varying proportion of asphalt or 
natural bitumen. They occur in various, parts of the United 
States associated with the usual mineral impurities found in sands, 
chiefly felspar and mica. They contain usually up- to about 20 per 
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cent of asphalt, though some contain up to 60 per cent. They 
occur also in Alberta, Canada, Mexico, Cuba, and Trinidad. • In 
Europe they occur at Bastennes, France, and Bikar, Austria. 
In Africa deposits occur in southern Nigeria. They are used in 
the preparation of asphaltic pavements and other bituminous 
coverings. 

Backing Sand is the sand which is used to form the greater 
part of the sand moulds used by foundry men in easting metal. 
It is “ faced ” with a layer of facing sand so as to secure a smooth 
surface on the eastings and to enable the details to be true to the 
desired shape. • • 

Bagshot Sands are of marine origin, and occur in the; upper 
part of the Eocene formation. Their occurrence has been described 
previously (p. 70). The sands vary in colour in different parts 
of the beds from white to grey or brown. They are seldom pure 
white, though the colour is not always a sign of tjie presence of 
an excessive proportion of iron compounds, as they frequently 
contain carbonaceous and jam tv matter, which discolours them 
but is fairly readily removed by washing or burning. 

The proportion of impurities present varies considerably. In 
some cases as much as 24 per cent may be present, but in other 
localities the purer beds are quite low in impurities. In the 
Bagshot sands at Fordingbridge in Hampshire, according to 
Boswell, the impurities only amount to about 1 per cent. The 
minerals present chiefly consist of felspar, ilmenite, leucoxene, 
kyanite, tourmaline, zircon, and rutile. A little Hint is also present 
in some cases. • 

According to Dick, 1 the proportion of the various minerals 
present is approximately as follows : 


Quart/. . 

. . 75 Zimm . 

. 0-6 

Felspar . 

. 20 Rutile . 

. 0-2 

Iron ores 

. . 2 Tourmaline . 

. 01 

Clay . . 

1 Various 

. 1-2 


The proportion of iron present usually exceeds 2 j>er cent in 
the more impure beds, but is much smaller in the purer ones. 

The texture of the sands varies considerably in different localities, 
and no general summary can be made. At Fordingbridge, according 
to Boswell, about 88 per cent of the grains are between 0*25 and 
0*5 mm. diameter, whilst the total amount of true sand is about 
99-5 per cent. At Longtown (Hants), however, 90-94 per cent 
of the grains are less than 0-25 mm. diameter, whilst the Lower 
Bagshot sands of the Isle of Wight contain about 76 per cent of 
grains between 0-1 and 0*25 mm. diameter, and only about 8 per 
cent over 0-25 mm. 

The proportion of “ clay ” present varies considerably, the 
range being generally between nil and 5 per cent. 

The Bagshot sands of Fordingbridge are being developed for 

1 Nature, xxxvi. p. 9 b 
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the manufacture of glass, and those in the Isle of Wight have been 
usfld in the past for the same purpose, though they are not at present 
worked. Bagshot beds are also worked for other purposes, such 
as brick-making, building, etc. 

Bann Clay is not a day but a # large deposit of diatomaceous 
earth occurring in association with peat in the Bann Valley, south 
of Lough Beg (Co. Antrim, Ireland). It is non-plastic, and is used 
in combination with a stkff clay to make bricks. Deposits of a 
similar nature to this occur at (Ben Shira, in Argyllshire ; also a 
little north of Loch Kinnord and in the Isle of Skye. They should 
be regarded as sands and not as clays. « 

Barton Sands occur in the Upper Bagshot beds of the Eocene 
formation in Hampshire and the north-western portion of Surrey. 
Their occurrence and distribution have been described on p. 72. 

At Longdown, near Southampton, the 1 beds include about 15 ft. 
of a very fine oream -coloured sand containing, according to Boswell, 
95 per cent of silica and only about 0 1 per cent of iron oxide. 
On burning, the colour is changed to brownish. It consists chiefly 
of grains between 0-1 and 0 25 mm. diameter, and 1-3 per cent 
of “ dust” is present, the total amount of true sand varying from 
93 to 98 per cent. There is about 0-8 }>er cent of heavy detrital 
minerals present, including tourmaline, kyanite, ilmenite, magnetite, 
linionite, zircon, and rutile, witli a smaller proportion of epidote 
and hornblende. Muscovite is very abundant. This material has 
long been used for glass-making. 

Beach Sand, see Shore Sand (p. 157). 

Bituminous Sands are those containing bituminous matter in 
sufficiently large amounts to render it an important constituent. 
Asphalt sands, tar sands , and oil sands belong to this class. 

Black Sands are so called on account of their colour when 
freshly won. They may owe their colour to various causes, including, 
in some cases, an excessive amount of carbonaceous matter, though 
the colour is usually due to the presence of magnetic iron oxide 
(magnetite) or other minerals, such as ilmenite, cassiterite, 
manganese dioxide, etc. The principal black sands are found in 
the United States, Canada, New Zealand, Africa, Russia, and 
Siberia. 

The so-called “ black sands ” of New Zealand are also rich 
in titanium minerals. 

Black sands frequently contain valuable minerals such as gold, 
platinum, etc. The “ black sand ” of the Rand consists chiefly 
of iron sulphide, together with a paying quantity of gold, small 
quantities of iridium, osmiridium, and, in some cases, platinum 
and other metals of the same class. 

Blown or Aeolian Sands are those produced by the action of 
the wind-borne particles on rocks, as described on p. 22. They 
are widely distributed, occurring chiefly in hot, arid regions and 
along the sea-coasts. In this country they occur in many places 
around the coast where there is an expanse of sea sand at low 
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tide ; • the wind drifts the material inland, where it becomes heaped 
up into dunes, which sometimes rise to a height of 00-80 ft. In 
some places, as in Cornwall, much of the* blown sand is made up 
of comminuted shells : elsewhere it is mainly quartz sand. 

The chemical composition of blown sands depends to a large 
extent on the original rocks from which they have been derived, 
and the extent to w hich they have been mixed with other materials 
during their transference from one locality to another. They may 
be derived from almost any rock, and consequently no rule as 
to their composition can be given. A blown sand derived from 
a quartzite oi # sandstone roek may consist almost wholly of (fnartz 
grains with very little admixed impurity ; but one derived from 
a basic igneous roek may contain much mica and felspathie matter, 
whilst one consisting chiefly of comminuted shells will be largely 
composed of calcium car Inmate. Generally, they contain little 
or no organic matter except where they have engulfed a fertile 
region and then receded, carrying some of the decomposed organic 
material along with the sand. 

The colour of blown sands is very variable ; some are pure 
white, wdiilst others are of all colours, from that of cream to brown 
or even darker shades, according to the impurities present. Most 
blown sands an* grey or pale brown. 

The texture of blown sands is also variable on account of the 
mixing and re-mixing of the deposits and the frequent changes 
in ihe speed of the wind. The latter causes grains of varying 
sizes and specific gravities to be picked up and dropped again 
according to the different velocities at which the wind travels, 
with the result that the separation of the particles of various sizes 
is not very good unless the sand is subject to some prevailing wind. 

According to Boswell, the most uniform blown sands in the 
country are those of Aberdeen, Montrose, Hamburgh, Hartlepool, 
and Blvth, which contain over 1)0 jier cent of grains between 
0-25 and 0*5 mm. diameter, together with O f) 3*5 per cent between 
0-1 and 0*25 mm. diameter. The proportion of the finest grains 
in these sands is seldom more than 2*5 per cent, except at Aberdeen, 
where the blowm. sand contains 3*5 |K*r cent of grains less than 
0*1 mm. diameter. The Aberdeen sand also has about 2 }>cr cent 
of grains over 0*5 mm. diameter, and the Blyth sand has 1*3 per 
cent. The blown sands at Curracloe (Ross hire), Lowestoft, Bally- 
castle (Co. Antrim), Sutton, Culbin, and Coalisland (Lough Neagh) 
are not quite so uniform, the first four containing between 80 and 
90 per cent of grains between 0*25 and 0*5 mm. diameter, and the 
last two containing between 70 and 80 ]>er cent. The Sutton 
(Dublin), Lowestoft, Ballyeastle, and Coalisland sands are rather 
coarse, containing respectively 15, 16, 19, and 27 per cent of grains 
over 0-5 mm. diameter. The Culbin sand contains 22 per cent 
of grains between 01 and 0*25 mm. diameter, whilst the Curracloe 
sand contains nearly 10 per cent. 

Of the various impurities, the most important are calcium 
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carttonate and iron compounds, though these are not ‘detrimental 
for Tnany purposes. 

The proportion of iron oxide in blown sands is generally fairly 
high, though some of these sands are much purer than others. 

It is a noticeable fact that the he^vy detrital impurities in blown 
sands consist of very much smaller grains than the quartz present. 
This is due to the fact that the wind -speed is only able to lift a 
much smaller grain of a “ Heavier ” mineral, with the result that 
the heavy minerals are usually concentrated among the finest 
particles of sand. On the other hand, flaky minerals, , such as 
mica* may be carried along in quite large pieces 'on account of 
the surface they offer to the wind, so that such minerals are often 
present in large grains or flakes. 

Bole is a ferruginous, sandy material of a reddish-brown or 
yellowish colour, containing about 41-47 per cent of silica, 18-25 per 
cent of iron oxide. Its composition is very variable, as it is a 
decomposition product of basaltic rocks. It occurs in relatively 
small quantities in various parts of the country ; that in the north- 
eastern part of Ireland occurs as partings in basaltic sheets, 
associated with lithomarge, bauxite, pisolitic iron-ore, and lignite. 
In Asia Minor a bole containing about 32 per cent of alumina 
is found, whilst in Saxony it is almost free from iron oxide, only 
a trace being present. Bole has been used as a red pigment 
(including that used for tattooing), and in medical work as an 
astringent. 

Bort or Boart is a coarse dark-coloured sand, consisting of an 
impure variety of diamond which is imperfectly crystalline and 
only partially transparent. It often occurs in small masses, which 
are reduced to “ sand ” by crushing them in a steel mortar. Bort 
is chiefly used as an abrasive by lapidaries. (See also Diamond , p. 96.) 

Bracklesham Sands occur in the Upper Bagshot formation 
(p. 72). They are of greater geological than commercial interest. 

Breeze is an artificial sand, consisting of sifted ashes. It is 
largely used in the manufacture of London “ stock ” bricks, as 
it is non -plastic, and so renders the plastic clays more workable. 
It also aids in the firing of the bricks. (See Vol. II. , Chapter I.) 

Brick-moulding Sand is that used in the sand-moulding process 
of brick-making, and also for producing a good colour on the face 
of bricks, which would otherwise look unsightly. It is usually 
of a marine or estuarine origin, such as the Bagshot beds (p. 70). 
Further particulars regarding the use of this class of sand will 
be found in Vol. II., Chapter I. 

Brown Sands usually owe their colour to the presence of iron 
oxide or to carbonaceous matter, such as lignite, or, less frequently, 
to manganese compounds. The brownish or blackish sandy crust 
on desert rocks called “ vernis du desert ” usually consists of oxides 
of manganese, left as a residue after the evaporation of the water 
in the rocks, containing salts of these substances in solution. 

Building Sand includes sand used in the manufacture of mortar, 
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concrete, arid other material* used in building construction, 'and 
should always be a highly quartzose sand with sharp angular grains, 
and free from loam or clay, which, if present, must be removed 
before the sand is fit for use. Building sand may be of fluviatile, 
marine, aeolian, or estuarine origin, but glacial deposits usually 
contain too much clayey material. Where the cost of preparation 
is not excessive, building sand may be produced by crushing sand- 
rocks. (See also Vol. II., Chapters II. *V.) 

Bunter Sands occur at the base of the Triassic system, and 
consist of marine and desert deposits, much of the material showing 
evidence of carriage by wind. The occurrence and distribution 
of Bunter sands has already been described (p. 53). 

The sand-bearing materials in this system consist chiefly of 
soft sandstones of various colours, often mottled, and associated 
with clays and dolomites. They have usually a reddish tinge 
on account of the amount of iron present, usually as a thin film 
of haematite over each particle of sand or other minerals present. 
In some places they have a slightly greenish tinge, which, according 
to Boswell, is due in all probability to the reduction of tin* iron 
from the ferric to the ferrous state by decomposing organic matter, 
or to the action of algae, bacteria, etc. 

The proportion of iron oxide varies ; it is sometimes as much 
as 6 |>er cent, though in some localities it is extremely low, and the 
sands, e.y. the Lower beds at Worksop, may then be sufficiently 
pu#e to Ik; used for glass-making. 

They contain usually over 75^jH*r cent of silica- some, Huch as 
the Lancashire; sands, having, according to Boswell, over IK) per 
cent. Up to 9 }kt cent of alumina may be present, but generally 
not much more than (> per cent. The proportion of lime, magnesia, 
and soda present is usually fairly small (less than 1 jkt cent), but 
the Mansfield moulding sand and the Belfast sands arc rich in 
magnesia and lime. 

A characteristic of the Bunter sands is their high proportion 
of potash, due probably to the fact that, being formed under desert 
conditions, the felspar did not decompose as it would have done 
had it been in contact with water. Most of the beds contain 
more than 2 per cent and some more; than 5 per cent of potash. 
This greatly reduces their refractoriness, so that they cannot be 
used for casting steel, though they are quite suitable for moulding 
non-ferrous metals. Detrital minerals are generally abundant, and 
are specially so in Lancashire and Ireland, mica being very plentiful. 

Having been formed under desert conditions, Bunter sands 
usually consist of well-rounded grains which are characteristic 
of this mode of formation (Fig. 1). They vary in coarseness in 
different parts of the beds and in different localities. Very often 
coarse and fine sands occur in the same locality, as at Mansfield 
and Worksop. At Mansfield, according to Boswell, the sand varies, 
Borne containing over 80 per cent of grains more than 0-25 mm. 
diameter, other parts nearly 80 per cent less than 0*25 ramf. 
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diameter, whilst at Worksop the pot sand contains ovei 1 90 per cent 
of grains larger than 0*25 mm. diameter and the finest beds contain 

over 90 per cent of 
grains less than 0-25 
mm. diameter. 

The Belfast and 
Ormskirk sands are 
generally very fine 
throughout, the former 
having a fine silky tex- 
ture, forVhich they are 
famous. 

Calcareous Sands 

are usually of marine 
origin, and contain, 
in addition to their 
siliceous materials, 
chalk, limestone, gyp- 
sum, and other lime 
compounds in varying 
proportions. They are 
usually produced by 
the shells of dead 
marine animals be- 
coming mingled with siliceous sands and ground into a very fine 
powder, so that in time the shells are scarcely recognisable, even 
under the microscope. Such sahds are often of great value in 
agriculture. (See Vol. 11., Chapter VIII.) For further information 
see Shell sands (p. 157). 

Carbide Sands or Fire-sands are artificial sands composed of 
silicon carbides and carboxides, which are used as abrasives. 
Carborundum , crystolon , carbosilite , carbofrax, and electroion are 
silicon carbides. Silfrax, silit, and some other compounds appear 
to be somewhat irregular mixtures of carbides and carboxides of 
silicon, together with some silicon nitride. Siloxicon and jibrox 
are carboxides of silicon, and correspond to some composition 
between Si 2 C 2 () and Si 7 C a O. 

All these materials are produced in an electric furnace by the 
partial fusion of a mixture of silica and carbon in the absence of 
air. The furnace used (Fig. 2) is about 33 ft. long and 17 ft. wide 
and 10 ft. deep, the only permanent part of the structure being 
the long end walls and the floor. In each end is a large terminal, 
consisting of a number of carbon rods, the ends of which fit into 
copper plugs, which in turn are fastened into sockets in a copper 
plate bolted to the outside of the wall and connected to the leads. 
Between the terminal heads is a granular resistance core, about 3 in. 
diameter, made of pieces of coke about jj in. diameter. The core is 
pafcked round loosely with a mixture of sand, coke, sawdust, and salt 
in proportions which depend on the nature of the product desired. 
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A typical *charge consists of : 

Coko .... 20 parts. 

Sand . . . . 32 „ 

Sawdust (> „ 

Salt . . # I part. 

The proportions of cokt* and sand used do not vary much, hut 
the sawdust may vary from 7 to 1 1 per **nt, and the salt from 1 5 to 
4 per cent of the charge according to the products required. These 
mixtures provide a slight excess of carbon, to allow for loss. The 
function of tin* salt is to remove the iron and other impunities 
in the coke and sand by the formation of volatile chlorides, whilst 
the sawdust is added to make the mass porous, so that the carbon 
monoxide, when formed, may escape. 



« Fid. 2. —Carborundum furnace. 

The reaction which takes place in the furnace is represented 
by the following equation : 

Si0 2 +3C - SiC 4 2CO. 

An electric current of about 230 volts and 0000 amperes is 
passed through the contents of the furnace, hut after a time the 
current is increased and its voltage reduced until the heat is sufficient 
to vitrify the contents of the furnace and convert them into carbides, 
etc. The temperature and rate of heating must be skilfully con- 
trolled, as the nature of the products varies with the proportion 
of raw materials used and the conditions of heating and cooling. 
When the contents of the furnace, are sufficiently ’cool, they are 
taken out carefully, each product being kept separate as far as 
possible. The products consist of some unaltered raw materials, 
together with silicon carbide and various by-products of the 
reactions, of which the more important arc : (i.) the graphitic 
core surrounded by (ii.) a zone of crystalline carborundum, (iii.) a 
layer of carborundum powder, (iv.) a ring of siloxicon fire-sand 
with silicon monoxide, and finally (v.) a film of silica. 

The various products are next passed through a mechanical 
crusher and digested with (1-2) sulphuric acid for three days at 
100° C., after which they are washed and then further crushed and 
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screened, so as to separate into various grades, the finest portion 
being collected as flour. 

Carborundum is a silicon carbide corresponding to the formula 
SiC ; it is capable of formation in small quantities at a much lower 
temperature than that used in actual practice, but on the burger 
scale a very high temperature is essential. The material sold as 
“ pure carborundum ” contains about 65 per cent of silicon, 30 per 
cent of carbon, and 5 per c?nt of impurities. It is in the form of 
hexagonal crystals varying in colour from the palest yellow to grey 
or blue-black, the variations being due to impurities in the material 
and fo the play of light on the surface of the crystals! The crystals 
are of intense hardness, with a specific gravity between 3 17 and 
3-21, and a melting point of about 2500° C. 1 The refractoriness 
of carborundum is not known accurately, though .the high tempera- 
ture required for its manufacture shows that it can resist a very 
high temperature. It decomposes slowly at temperatures above 
2200° C. without fusing ; the silicon volatilises, and the graphite 
burns away. The rate of decomposition is often reduced by the 
formation of a siliceous glaze as one of the by-products, but this 
is not sufficiently protective to prevent its slow decomposition. 
In the presence of flue- or kiln-gases the decomposition is more 
rapid, carbon monoxide and silicon being formed. Carborundum 
has a high thermal conductivity, a low coefficient of expansion, 
and great strength and toughness. 

It is used as a refractory material in the form of bricks, imd 
as an abrasive in the form of kk 4 sand ” or powder, which may be 
used direct or after being applied to paper or cloth, or it may be 
mixed with a suitable binding agent and made into blocks, wheels, 
and sharpening stones. Carborundum powder has been used to 
some extent in place of corundum for lapidaries’ work, as it is harder. 
It has, however, the disadvantage of being more brittle and is 
soon reduced to flour. It is also used in place of emery, which 
is an impure form of corundum, as, although it is more costly, it 
does the work in one-third or one-quarter of the time taken by 
emery. It is used for glass-cutting and for polishing and grinding 
metals, etc., and instead of diamonds for drill-heads, for which 
purpose it is quite satisfactory if mounted in a suitable metallic 
or ceramic matrix. It is also used instead of ferro-silicon for 
steel-making and in the reduction of copper, nickel, and lead from 
their chlorides, the production of metallic silicides from their oxides, 
and the preparation of quaternary steels. 

As a refractory material it is used for the manufacture of fire- 
bricks, zinc retorts, and refractory cements. 

Carborundum powder is sometimes employed as a facing for 
sand moulds used for casting metal. When mixed with a suitable 
binder and applied to the mould, it gives the metal casting a hard 
surface, because some of the silicon from the carborundum enters 
into the metal and “ case-hardens ” it. 

1 Some samples show no signs of fusion at 2700° C. 
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(fryslololi is the registered name for a variety of carborundum 
which is prepared at a temperature of 1820°-2250° C. A dark- 
coloured mass, known as amorphous silicon carbide or fire-sand, 
is formed at a temperature of 1000° (\, and this is slowly converted 
at 1850° C. into crystalline J crystolon ; and as the tenqxTature 
rises and approaches 2$50° C., decomposition occurs, with the 
formation of other carbides and earboxides. ('rystolon is not 
affected by acids, except hydrofluoric acid, but alkalies and 
carbonates decompose it when heated, and metallic oxides react 
with it at red heat. In an oxidising atmosphere, silicon carbide 
is decomposed, forming silica and carbon monoxide. Tlie co- 
efficient of expansion of crystolon is very low, l>eing 0 0000045 e.g.s. 
units (xt degree ( 

Silfrax is another form of carbide of silicon which is formed 
from the vapour of silicon acting on solid carbon. The pores 
in the latter soon become filled with silfrax, and the crystals so 
formed remain small and are tougher and stronger than carborundum 
crystals. Silfrax is formed at the same time as carborundum, 
though in a different manner, so that each must be separated from 
the other when either is required in a fairly pure state. Silfrax 
is used for the manufacture of refractory articles, chiefly pyrometer 
tubes and electrical fittings, in the same way as carborundum. 

The fire-sand which is formed at a lower tem|jerature is amorphous 
or crypto-crystalline, but it is equally as refractory as the crystalline 
material. It is, however, rather less stable than the crystals. 
It is attacked slowly at ml hyat by sodium carbonate, caustic 
soda, and sodium peroxide, and rapidly by red lead. It is not 
attacked by hydrofluoric acid to any appreciable extent. Fire-sand 
is used as a refractory material -chiefly in the metallurgical 
industries. 

Silundurn is a term introduced by F. Bolling, who, in 1900, 
found that when pieces of carbon, pressed or moulded to any 
desired shape, were heated in a mixture of silicon carbide and sand, 
the silicon reduced from the sand volatilised and combined with 
the carbon to form a compound the particles of which retained 
the shape of the sand. It is a silicon carbide; with an excess of 
carbon, whereas silfrax and silit have an excess of silica. From 
a number of experiments made in 1914 1915, Tucker and Lowry 
concluded that the formation of silundum commences above 
1300° C., the greenish slate -coloured variety being first formed, 
whilst above 1800° C. the steel-grey modification apj>ears. Above 
2200° C. the product is decomposed and graphitic carbon remains 
behind. 

Tucker and Lowry conclude that the green variety is really 
a carboxide containing about 9 per cent of oxygen, but this 
decomposes to form the grey variety, which is a true carbide, 
devoid of oxygen and closely resembling carborundum Both 
the green and the grey varieties of silundum are refractory; they 
are not attacked by oxygen, nitrogen, or hydrogen below 1 100° C., , 
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nor l^y most fused salts ; fused caustic alkalies and alkah'carbonates 
convert the silicon into silicate ; they are oxidised by peroxides 
and by lead oxides ; acids, even hydrofluoric acid, are without 
action bn pure silundum, but attack the impurities present in the 
commercial products. The density is about 3 and the hardness 
9 on Mohs 1 scale. The most notable demotion between the two 
varieties of silundum and carborundum is their electrical resistance. 
The specific resistance of carborundum per centimetre cube at 
25° C. is 50 ohms, whilst that of green silundum is only 0*2374 ohm. 
At higher temperatures all the carbides are fairly good conductors 
of electricity. * 

Siloxicon is a silicon carboxide produced in the same wav as 
carborundum, but the conditions of manufacture are slightly 
altered. Siloxicon begins to form, according to Tjtcker, (Jillet, and 
Saunders, at a temperature of about 1500° (.!. Its composition 
corresponds to* Si N C x O> where x 1-7 and averages about 2. 
It may be a solution of silica in silicon carbide, as hydro fluoric 
acid removes silica and silicon, but leaves any carborundum present 
unattacked, ft is amorphous, usually has a greenish-grey sheen, 
and contains some free graphite and carborundum. It has a 
specific gravity of 2*52. It is highly refractory, a good electrical 
conductor, indifferent to most acids, but more easily oxidised 
at 1500° (■. than carborundum, a superficial glaze being produced. 
When heated in a neutral or reducing atmosphere, it is unaffected 
until it reaches a temperature of about 1840° C., when it begins 
to decompose, forming carborundum, free silica, and carbon 
monoxide ; at higher temperatures it dissociates, forming 
carborundum and free oxygen. 

Fibrox (Eng. Pat. 1 0,21)9 of 1913) is a silicon oxycarbide 
prepared by heating a mixture of silicon and a catalytic agent 
such as fluor-spar. Carbon monoxide and dioxide enter the 
crucible by diffusion and slowly convert the silica into a fibrous 
mass, having a true specific gravity of 1 *8—2*2. It is, however, 
extremely porous, 99 jkt cent of the volume being air, and its 
apparent specific gravity is only 0 -0025-0 *0030. It is used as a 
heat insulator. 

All the foregoing carbides and carboxides are reduced to the 
form of “ sand ” before use. They are then sifted so as to grade 
the material into grains of various sizes, the sifted products being 
used in the form of powders or mixed with a suitable binding 
agent and moulded into blocks, etc. 

For use as a refractory material the various silicon carbides 
need to be as devoid as possible of free carbon ; this material, 
even when present in only small amounts, is a serious hindrance 
to that intimate contact between the bond and aggregate which 
is essential to the production of sound goods. 

Carbonaceous Sands are those containing a considerable pro- 
portion of organic matter, which may be in the form of lignite 
or peaty matter. Many sands belonging to the Cretaceous and 
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Tertiary Systems are associated with lignite beds, whilst npmy 
glacial and most surface sands are associated with |>eaty or other 
organic matter. The presence of readily decomposable carbonaceous 
matter in association with sands is a considerable advantage in 
many cases, as the water jawolating through these bods becomes 
charged with various soluble substances derived from the jw*at 
or other organic material, which reduce the iron compounds in 
the sand to the ferrous stab* and reader them soluble. By this 
means the percentage of iron in the sand is gradually reduced. 
If the water is not able to escape, however, the ferrous compounds 
remain in the* sand, and whilst in outward appearance it is* pale 
in colour and apparently low in iron, its normal colour is restored 
by heating it to redness in a current of air, when the ferric compounds 
are once more procured and the sand becomes brown or reddish. 

The sands between St. Helens and Ormskirk in Lancashire 
are associated with a considerable amount of pertly matter, by 
means of tvhich the proportion of iron has been reduced to a very 
small percentage (p. II')). 

Carbonado is a dark grey or black variety of diamond, which 
is sometimes indistinctly crystalline, granular, or cellular in structure. 
It is sometimes called “ black diamond,'' and was first discovered 
in Bahia, Brazil, though it also occurs in Borneo. It has a specific 
gravity of about 3 01 and contains about 2 per cent of mineral 
matter, which is left as ash " on calcining the material in a gentle 
cuMrcnt of air. Carbonado is harder than all other varieties of 
diamond. It is chiefly used for jock drills and also for the tools 
used for dressing millstones and emery wheels (see also Diamond, 
p. IMS). 

China Clay Sand is the technical term applied to the particles 
of quartz and undecomposed granite occurring with china clay 
and mica in the slurry washed out from the china-clay rock, or 
carcluzite, found in Devon and Cornwall. The sides of the china- 
clay pits or slopes are subjected to the action of a stream of water 
which, in its descent, carries with it some of the clay, together 
with quartz, mica, and other rock particles. The resultant cream 
or slurry is collected in a settling pit, in which the coarse particles 
or “ sand " settle to the bottom, whilst the other materials are 
carried off in suspension in the water for further treatment in a 
launder. Sometimes a number of sand -intercept ng boxes are 
used to retain the sand. A launder consists of a square wooden 
pipe (about 9 in. square), the sides being perforated by a number 
of 4 in. holes about a foot apart, titled with stoppers, called buttons , 
which are removed in succession as the sand settles out of suspension, 
and so allow the water and clay to flow away. Where no launder 
is used, and in some caws in conjunction with a launder, the slip 
is turned into a sand-pit, which consists usually of a rough rect- 
angular trough 3-5 yards long and 2-3 yards wide, with stone walls 
4-6 ft. high. A doorway is placed at the lower end of the pit over 
which the clay slip passes, whilst the heavy sand sinks to the bottom 
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and, is collected. Usually, two or more sand-pits are tised, so that 
when one is full of sand the slip is turned into another, whilst the 
first is emptied out by means of shovels, the sand being conveyed 
to the top of thQ pit in wagons. Any sand which is not intercepted 
by the sand-pits is collected (together with some mica) in the 
first drags ; it is removed from them ^nd put with the residues 
from the sand-pits in huge brinks or “ burrows.” 

“ China-clay sand ” consists largely of quartz, undecomposed 
felspar, with tourmaline and some mica. The size of the particles 
varies from very fine grains up to pieces 2 in. or so in diameter. 

Tile waste from the china-clay rock may form anything up 
to four-fifths or even more of the material, but only part of 
the waste can be used. Table XII., due to Mr. J. M. Coon, 1 
shows the proportion of “ sand ” in the china-clay rock from 
the St. Austell district : 

Tahlk XII. — Composition ok Chjna clay Hock * 



A. 

B. 


D. 

K. 

V. 

1. Coarse quartz 

39-80 

29-80 

51-40 

33-30 

25-30 

37-50 

2. Medium quartz . 

17-22 

14-20 

15-80 

1 1 -26 

33-40 

16-60 

3. Fine quartz, tourmaline, 







etc 

1-82 

2-40 

1-00 

3-93 

4-80 

2*10 

4. Very fine quartz, coarse 







mica, tourmaline, etc. . 

1-10 

1 -36 

1-20 

2-03 

3-33 

2>i3 

5. Fine mica, coarse clay, 
tourmaline, etc. 

0-flifc 






1 41 

2-50 

1-4(1 

3-63 

4-20 

6. Very fine mica, medium 







clay, tourmaline 

1-57 

1-81 

2-50 

4-00 

3-45 

4-40 

7. Marketable china clay 

37-30 

49-00 

35-00 

36-60 

25-80 

33-00 


Mr. J. H. Collins 2 found two samples of china-clay rock to 
consist of : 


Water . /SO 5-5 

Coarso sand and mica over 30-inosh . . 67 -5 71*5 

Fine sand and mica under 30-meah . . .2-0 2-5 

Fine mica. and some clay 3-5 3-0 

Fine clay -. .22-0 17-5 


He found that, on an average, 3-7 tons of sand were produced 
for each ton of commercial china clay, and, in addition, 2-5 cwts. 
of coarse mica and 1-3 cwts. of fine mica were also obtained. 

China-clay waste or “ sand ” is used for various purposes, 
including building, rough-cast work, garden paths, refractory 
bricks, cement, and also for polishing guns. 

piayey Sand is sand containing an appreciable proportion of 
clay or argillaceous material which may or may not hinder its 

1 Trans. Eng. Ceram. Soc., x., 1911, p. 82. 
a The Hensbarrow Granite District, Truro, 1878. 
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use. .Such • Farids should only be employed where the presence 
of clay will not be deleterious ; they art* useless for building, 
though' often quite satisfactory in brick -making and other day- 
working processes. (See Building Sand, p. 84.) Clayey sands are 
excellent a« “ opening substances,” and sometimes have an 
advantage over pure quartz. In some cases, as at Windsor, Ewell, 
Epsom, and in Wales, they are used for making firebricks. (Hee 
Vol. II., Chapter VII.) They are of# wide distribution and occur 
in many parts of this country, and art* often known as loams, 
though this term is more generally applied to sandy clays rather 
than to clayey sands. o 

Clayey sands may sometimes lx* used as a source of clean sand 
provided they are first washed very thoroughly (Chapter IX.) in 
order to remove all the clay, but the cost of this treatment is 
usually prohibitive. 

Cobalt Sands, or eobaltiferous wad (see Wad, p. 197), are one 
source of .the metal cobalt. One important variety of these sands, 
termed asbolite , is found in New Caledonia and near Port Macquarie 
in New South Wales. 

Colluvial Sands, sec Diluvial Sands (p. 100). 

Copper Sand, found in Chili, consists of grains of metallic copper 
mixed with quartz. 

Coral Sands consist largely of fragments of coral rock which 
have been broken from the main mass and reduced to powder 
b\^ the action of waves, etc., and deposited near the shore. They 
contain varying proportions of mineral matter— chiefly of a volcanic 
nature, ('oral sands, found further out to sea, pass gradually 
into fine calcareous muds of the same nature as coral sands, but are 
much finer in texture and art generally deposited at greater depths 
than the corresponding sands. As coral rocks are largely composed 
of calcium carbonate, the coral sands have a similar composition. 
They are of geological rather than commercial interest (seo p. 35). 

Corundum, sometimes called adamantine spar, is a source of 
abrasive sand. It is found in several varieties, from the coloured, 
clear, and pure gemstones to a very inferior and impure product. 
The clear blue varieties are called sapphires, the white and yellow 
ones are white and yellou * sapphires respectively ; the; red ones 
are rubies ; a stone of a turbid magenta hue is barkleyiU ; a purple 
variety is the oriental amethyst, and a green variety is the oriental 
emerald. The gem stones occur principally in river sands and 
gravels (see Placers, p. 133). 

The dull-coloured and opaquo varieties occur chiefly in India, 
China, Siberia, and the United States. They are found in the 
crystalline and metamorphosed rocks in the Salem district of 
Madras, India, and in several other localities. Large deposits 
of a grey, red, or purple colour occur near Singrauli in South Rewah. 
Corundum is also commonly found in gneiss, mica-schist' and 
hornblende-schist. The American deposits are found principally 
in North Carolina and Georgia ; in the latter, corundum frequently 
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occurs in association with hornblende-gneiss, in large misses weigh- 
ing^ much as 5000 lb. 

Corundum is a natural oxide of aluminium containing up to 
97*5 per cent of alumina. Table XIII. shows the composition 
of various types of corundum. , 


Table XIII. — Analyses of c Corundum 1 


• 

c 

Alumina. 

Ferric 

Oxide. 

Silica. 

Lime. 

Water. 

• 

Indian sapphire 

97-51 

1-89 

0-8 



. Indian ruby 

97-32 

1-09 

1-2*1 



Indian corundum 

93-12 

0-91 

0*96 * 

102 

2-86 

Asia Minor corundum 

92-39 

1-57 

2-05 

M2 

1-60 


The varied colours of corundum appear to be due to mineral 
impurities in some peculiar (possibly colloidal) state. Thus, the 
colour of ruby may be due to the presence of chromium oxide, 
as on heating it turns to green but regains its normal colour on 
cooling. Cobalt has been suggested as the possible cause of the 
colour of sapphire, though it may, in sonic cases, be due to chromium, 
v Corundum is extremely hard, its hardness being 9, according 
to Mohs’ scale, so that it is very valuable as an abrasive. For 
this purpose it is crushed and graded in the same manner as other 
abrasives and made into abrasive papers, cloths, wheels, etc. 
It is also much used in lapidaries' work. The abrasive power of 
corundum, as compared with that of pure sapphire and emery, 
is as follows : 

Sapphire 100 

American corundum . . . 90-97 

Naxos emery 40-57 

Emery is an impure variety of corundum which is also used 
as an abrasive, but it is not quite so hard as corundum (see also 
Emery , p. 101). 

Artificial corundum is made by fusing calcined bauxite in an 
electric arc furnace. Emery may also be used, but charcoal or 
coke must be added to reduce the iron compounds present to the 
metallic state. The process is simple, yet by no means easy to 
work profitably, on account of the very powerful electric currents 
employed and the exceedingly high temperatures (far above that 
required in steel manufacture) which are attained. The furnace 
consists of a square or circular chamber which may be built of 
fire-bricks covered with sheet iron which is kept cool by water 
flowing over it. If fire-bricks are omitted and the mixture to be 

1 Thorpe’s Dictionary. 
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heated forms its own “ crucible,” the chamber must be large, as 
the part of the charge of bauxite nearest the walls acts as a* con- 
tainer. In the centre of the chamber are two or three carbon 
electrodes or rods which carry the current ; they are mounted 
on rack-work in such a manner that the lower end of one rod can 
be made to touch that of the other or can bo kept at any desired 
distance from it. At the* bottom of the chamber are placed several 
pounds of iron or steel turnings, and the two lower ends of the 
electrodes are brought into contact with these. If the current 
is then switched on, an arc is formed and the iron is rapidly melted. 
Before complete fusion occurs, bauxite is shovelled into the farnaee 
in small quantities at a time and at such a rate as to make the 
best use of the heat developed by the electric are. When the 
temperature of the bauxite is about 22(H) 0 (\ it molts, and, owing 
to the highly reducing action of the are flame, any iron compounds 
present are reduced to the metallic state. As fusion proceeds, 
the material becomes so intensely hot that most of the silica is 
volatilised and so ('scapes. Finally, the metallic iron settles to 
the bottom of the furnace, and the molten alumina occupies a 
central position with a light slag, due to various impurities, above 
it, and unfused bauxite all around. From time to time the molten 
iron may be run off, but with an almost pure bauxite there will 
not be sufficient iron to permit this. When no more alumina 
can be fused in the furnace, the current is switched off and the 
fujjnace is allowed to cool. The current is usually alternating. 
It may be supplied at 110 volts and 3(H) amps., which is equivalent 
to about 700 h.p. per “ run," Irtit for larger furnaces 0000 amps, 
and 100 volts are used. 

When cold the contents of the furnace are removed and sorted 
according to their various natures, the central mass of fused alumina 
(which during cooling should have been largely recrystal lined ) 
being the desired product. 

In order to obtain a satisfactory abrasive material, large furnaces 
must be employed, and at the Norton Company’s works masses 
of corundum each weighing 5 tons or more are regularly obtained. 
When such large masses are cooled they develop cleavage planes, 
and by taking note of these the crushing is facilitated. In the 
best type of furnace the hearth can be gradually lowered during 
the fusion, and by this means a much larger quantity of alumina 
can be fused than when a fixed hearth is used. 

The more slow'ly the product cools, the better will Ik? the 
crystals and the greater the toughness and abrasive {K>wcr of the 
product. Hence, by regulating the temperature and the rate 
of heating and cooling, the hardness and toughness of the mass 
and the angularity of the particles formed when it is crushed can 
be varied. By this means a product with different ” tempers ” 
is secured. 

An alternative method— patented by G. Dollner in 1897- 
consists in igniting a mixture of metallic aluminium with various 
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oxides, whereby the product attains so high a temperature, thai 
partial fusion of the resultant alumina occurs. 

Adamite is a dark blue material approaching black in colour, 
and contains about 80 per cent of alumina. 

Ahxite is an artificial corundum having a highly crystalline 
structure and a purplish blue colour,* made in the south of France 
and at Niagara Falls, America. • 

Alundum is an artificial corundum made by the Norton 
Company, Chippawa, Canada. 

Borocarbone is an aluminous abrasive made in France. 

Cgrubin is a by-product of the Goldschmidt “ Thermit ” process 
of making chromium, and consists of a crudo form of fused alumina 
which occurs in the slag. i 

Oxyalumina is an abrasive made in America by fusing aluminous 
earths. • 

Cretaceous Sands, see also Greensand (p. 118) and Wealden 
Sands (p. 168). 

Diamond is the hardest mineral known in nature, having a 
hardness of 10, according to Mohs’ scale. It is found in sand 
and gravel deposits formed by alluvial action, and also in alluvial 
beds, which have later been covered by more recent deposits of 
rocks (see Gem Gravels and Sands , p. 112). 

Diamonds are chiefly used as gem -stones and as abrasive 
materials, the largest and purest stones being selected for gems. 
The less valuable diamonds and the powder obtained by crushing 
them are used by lapidaries for cutting and polishing other diamonds 
and precious stones. The powder is also embedded in a disc of 
soft iron, and used for cutting ornamental stones and for preparing 
thin sections of rocks. 

Inferior varieties of carbon, including carbonado or black diamond 
(p. 91) and bort or boart (p. 84), are also used as abrasives, carbonado 
being useil in the steel crowns of rock-drills. 

Dlatomaceous Earth (sometimes known as Barbadoes Earth and 
as Kleselguhr) is a highly siliceous sediment or deposit produced 
by the accumulation of extremely minute plants called “ diatoms,” 
having an external casing of silica. In time, countless millions 
of these microscopic siliceous shells form a bed of a light porous 
nature, varying in colour on account of various inorganic impurities 
which may be * present. The deposits are usually contaminated 
with other materials which have been deposited simultaneously, 
the principal impurities being silt, clay, sand, volcanic ash, and 
decayed vegetable matter. With the exception of the organic 
matter, which is destroyed bv calcining the material, these impurities 
cannot be separated cheaply, and therefore adversely affect the 
valuer of the kieselguhr. There are, however, very pure beds, 
which contain 95 per cent and more of silica, in Germany, Norway, 
the United States, Italy, and near Algiers. 

The German kieselguhr is obtained chiefly from Naterleuss, 
between Hamburg and Hanover, where a deposit 150 ft. thick 
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>ccurs, its colour varying from white at the surface, where jf; is 
associated with a coarse sand which can be removed by washing, 
through a bed of grey material containing less sand and enougn 
carbonaceous matter to calcine the material, to the lowest bed, 
which is 60-100 ft. thick and consists of green kieselguhr containing 
up to 30 per cent of carbonaceous matter. Important deposits 
Prom which large supplies have been obtained also occur at 
Oberhohe. # 

The Algerian beds are amongst the finest in the world, though, 
as yet, they have not been fully exploited. 

Enormous *beds occur at St. Lucian, sometimes attaining a 
thickness of 150 ft., the better qualities occurring near the bottom 
of the deposit. 

Other smaller ?>r less pure deposits occur at Auxillac in France 
(p. 98), Spain, Ireland, and Scotland. The Irish kieselguhrs are 
highly coloured, very impure, and of limited usefulness. 

In Scotland, a diatomaccous earth occurs in Skye and Aberdeen- 
shire. In the north of Skye at Loch Cuithir the deposit is 40 ft. 
thick -and consists of material which, when air-dried, contains 
94-4 per cent of silica and 4 43 per cent of water, so that if all 
the water were removed it would contain 98-78 per cent of silica. 
Diatomaccous earth also occurs in Loch Mealt, Sartil, Loch Cleat, 
Loch Snuisdale, and Glen Uig, in the Isle of Skye. In Aberdeen- 
shire it occurs near Ballater and contains about 83 per cent of 
siliea, 5*5 per cent of iron oxide, 21 per cent of alumina, and 2-93 per 
cent of magnesia. 

Diatomaceous earths have also been found at North Tolsta 
in Lewis, where it is 7 A ft. thick, Loch Ba in Mull, where it varies 
from 1 to 2 ft. thick, ana at one end of Loch Ixjven in Fifeshire, where 
it is about the same thickness. 

Most of the best known beds of kieselguhr belong to the tertiary 
epoch. 

The colour of kieselguhr varies considerably and does not 
indicate the quality of the material. In some cases the colour 
of the dried earth is much better than that of the freshly dug 
material. As a general rule the lighter deposits are preferable 
to the more highly coloured ones, and the best qualities yield an 
almost pure white or cream-coloured material when calcined. 
The analyses given in Table XIV., and due to A. Bigot, show 
the composition of kieselguhr from various sources. 

\n its pure state kieselguhr contains 25-45 per cent of moisture, 
which is expelled at 100° C., leaving a very light, soft, easily abraded 
material. Under the microscope the regular forms of the plant 
skeletons are readily seen, some of them being very beautiful 
and characteristic. The form of silica found in these skeletons 
is very peculiar, being an irreversible colloidal gel containing 
5-10 per cent of combined water, which is evolved on heating to 
redness. In the raw earths there is usually a variable proportion 
of reversible silica gel. These two forms of silica are easily attacked 
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by hydrofluoric acid, and are soluble in solutions of sodium carbonUe 
of all strengths. 

Table XIV.— Analyses of Kieselguhr 


Composition. 

Lune- 

Auxillac. 

• 

St. Denis Le SIg. 

• 

Lompoc, California. 

bourg. 

A. 

B. 

A. 

B. 

C. 

Combined water 

5-26 

3-5 1 

6-4 

5-2 

5-54 

J5-67 

2*22 

Organic matter . 

8-43 

3-0 / 

Silica . 

81-25 

88-90 

74-0 

80-5 

88-7S 

85*28 

94*59 

Alumina 

3-19 

2-05 

1-99 

1*35 

2-68 

5*35 

1*87 

Ferric oxide 

1*34 

1-5 

1-06 

0-50 

Trace 

1-12 

0*70 

Titanium oxide . 

0-15 

0-26 

, . 


0*10 

0*21 

0*10 

Lime . 

018 

0-20 

6 01 

2-95 

1-6? 

112 

0*83 

Magnesia . 

0-20 

0-15 

1-58 

0-75 

1-30 

1*30 

Trace 

Alkalies 



2-16 

0-40 




Carbon dioxide . 



6-20 

2-70 

White 

Brown 

White 

compact 

Bhale. 


On heating the kieselguhr to 600°-700° C. in a current of air, 
the combined water is driven off and the organic matter burns 
away, so that, whilst the appearance and volume of the earth 
remain unchanged (except for the colour), its power of absorption 
of gases and liquids is increase*! and it becomes harder. When 
heated, between 700° and 1000° C., these earths contract and 
increase, in hardness and apparent density. The cubical con* 
traction increases fairly uniformly with the temperature of 
calcination, a block with a volume of 100 c.c. at 700° C. shrinking 
to aborft 25 c.c. at 1400°- 1600° C. The apparent density — or 
strictly the volume- weight — remains constant at 0-5-0 -7 below 
700° C., rises rapidly to 1 -4 at 1000°- 1400° C., and steadily increases 
to about 2-2 at 1400°-1600° C., between which temperatures the 
material fuses. The true specific gravity is about 2-6 below 
1000° C., but at the fusion point it falls to 2-22-2*25. About 
77-80 per cent of the total volume of dried material consists of air 
enclosed in the cells, this proportion of voids being 6-8 times that 
of lightly calcined clay. 

The normal melting point of kieselguhr is 1570°-1600° C., but 
it is sometimes as low as 1300° C. in very impure earths. 

Kieselguhr possesses certain catalytic properties similar to^ 
but less marked than, those of freshly deflocculated china clay, 
p-- . The thermal conductivity of the calcined material is proportional 
to its volume-weight, and is very low on account of the large 
proportion of voids or air-spaces in the mass. Consequently, 
•It is of great value as an insulator. Its heat-conduotmg^poV6i^ ( 
As compared "With other materials, is shown in Table 

h 
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Table XV. — Thermal Conductivity or Insulators 


Material. 

Temperature of 
Burning. 0 C. 

a 

Thermal Conductivity, 
gm. cal. per aq. cm. per 
cm. i»er 1“ Dlff. 

Kieselguhr . . * . 


00018 

Fireclay brick .... 

13i0 

0 0050 

Bauxite brick .... 

1300 

0 0033 

Silica brick 

1300 

0 0031 

Magnesia brick .... 
Carborundum MHck 

1300 

0*0005 

1300 

0*0145 *' 

Chromite brick 

1300 

0*0034 * 

Graphite brick .... 
Building brick .... 

1050 

0*024 

0*0037 

Porcelain 

i : 

1400 

0*0040 


At 2000° F. (1093° C.) a layer of raw kienclguhr of 1 in. in 
thickness is equivalent to 6-5 in. of good firebricks, or l *35-1 -65 in, 
of magnesite bricks. 

The specific heat of kicselguhr resembles that of clays and 
other ceramic materials and averages about 0-25, so that a com- 
pacted mass of the material, with a volume-weight of 0-5, absorbs 
2} times as much heat as the loose powder with a volume- weight 
of 0-2, whilst a fireclay brick with a volume-weight of 1-8 will 
absprb nine times as much as the powdered earth. 

The chief uses of kicselguhr ^nd other diatomaceous earths 
depend on their lightness and porosity, for which reason they are 
used (a) as heat insulators, (b) as refractory materials/ (c) as 
absorbents, and (d) as fillers. 

As a heat insulator they are very valuable, and are employed 
for covering steam -pipes and boilers, for safes, fireproof rooms, 
and for filling the bulkheads of steamships, etc. Such earths 
are of great value in many situations where* both refractoriness 
and heat-insulating properties are desired, but, on account of their 
great porosity, they are of little use for resisting the corrosive 
action of slags and fluxes, and should not be used in exposed positions 
in furnaces, but only as an intermediate walling, i.e. where their 
surface is protected by firebricks or other slag-resisting material 
on the one side and from the weather on the other. * In such cases 
they are very valuable, and are largely used for covering the crowns 
of kilns and furnaces of various types, and as an intermediate 
walling in boiler settings, blast furnaces, etc. A tunnel kiln 
efficiently insulated with kieselguhr on the sides and roof can 
usefully employ 98 per cent of the available heat in the fuel, the 
outside walls having only a temperature of 28° C. when that of 
the inside walk is 1250° C. 

r Kieselguhr has been used as an absorbent for bromine for 
dtskleetinff purposes, and for sulphuric acid. “ <Dry sulphurio 
**' jk kieselguhr saturated with 3-4 times its weight (i.e. about 
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75 j>er cent) of sulphuric acid ; it forms a loose powder which can 
be shipped or transported with far less risk of loss or damage than 
is the case when the liquid acid is sent in containers. 

Kieselguhr is used in the manufacture of ultramarine and as 
a filler in the production of soap and cotton, and rubber fabrics. It 
is also employed in compositions used for preventing rot and 
fungus. It is a mild abrasive, and is # used for polishing metals, 
and as a tooth powder. *It is also used for making imitation 
meerschaum, in the preparation of paints, as a filtering agent, 
and also in the manufacture of sodiy p. silicate (water-glass), as 
it is*easily acted upon by alkalies. * 

For use, the kioselguhr is dug oi such a way as to produce 
rough blocks, which are stacked in the open and left until they 
contain only 15-25 per cent of water. The half -dry material is 
then taken to the grinding plant, where it is reduced to powder 
and may bo dried still further by passing warm air through the 
grinder. Artificial drying ioes not appear profitable,' though in 
California the blocks are Exposed to the air for 40-50 days, then 
sawn into bricks ; the frying is completed in kilns. If calcined 
kieselguhr is required, ^the grinding may be postponed until after 
calcination. / 

The calcining is \fsually effected in small round kilns, but where 
the output is sufficiently large a continuous shaft kiln is much more 
economical. Tripoli and Moler are materials somewhat resembling 
kieselguhr, and are dealt with under their respective headings, v 
Diatomaceous Ooze is a siliceous deposit found in the Arctic 
and Antarctic regions, especially the latter. It contains a fairly 
large proportion of mineral matter deposited by ice, and also has 
* a variable* proportion of calcareous matter, such as foraminiferae, 
but othetf organic materials are very rare. It is of a similar nature 
to the /diatomaceous earths found above sea-level, and, when dry, 
is of i, white or yellowish colour, very similar to tripoli or kieselguhr. 

diluvial Sands are deposits formed by the action of powerful 
Breams, floods, or other unusual action of water. They are 
Extremely variable in composition and may contain, in addition 
f to what is usually termed sand, considerable proportions of gravel, 
chalk, limestone, and other impurities. Their value and uses 
depend upon their chemical composition and physical nature. 
These sands must not be confused with those produced by the 
normal aotion of water, which are termed alluvial sands. 

Dinas Sand is a pale yellow material produced from the dis- 
integration of the famous Dinas quartzite deposits occurring in 
the Vale of Neath, Glamorganshire. The best samples of the 
material contain 98 per cent of silica, 1 per cent of alumina, and 
1 per cent of iron and other oxides, but a more average composi- 
tion is : 

Silica ..... 95 per cent. „ 

* Clayey matter . . . 4 „ 

Fluxing oxides . . . 1 „ 
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Dinas sand is largely used for the manufacture of silica bricks ; 
lome of these have a world-wide reputation. (See also Quartzites, 
>.138.) 

Dolomite Sands are deposits caused by the weathering of 
loloinite limestone ; the caloareous material, being soluble in 
vater containing carbon dioxide, is removed in solution, leaving 
,he more magnesic material behind, together with more or less 
lilica sand. In the Paris basin a limestone has been weathered 
n this way, leaving a dolomitic sand in which are embedded 
lodules of unaltered limestone, locally known as tetes de chat. 

Drift is a general term for deposits of detrital materials, ‘and 
may be formed as a result of aeolian, fluviatilo, estuarine, marine, 
>r glacial action. More often it is applied to deposits formed as 
x result of glacial action. For social kinds of drift sands see 
under Blown Saruls (p. 82) and Glacial Sands (p. 1 15). 

Eluvial Sands and Gravels are deposits of loose aggregated 
material foimed by the action of weathering agencies oil the rocks 
below them, and should not be confused with alluvial sands, which 
are produced from the same materials, but have been transported 
from their places of origin and deposited elsewhere. 

Emery is not a natural sand, but in the powdered state it is 
used so largely as an artificial sand as to be suitably included here. 
It occurs as a greyish, impure variety of corundum, which consists 
of crystalline or granular corundum mixed with a greater or less 
proportion of iron oxide, chiefly in the form of magnetite and various 
other accessory minerals, including tourmaline, hercynite, garnet, 
muscovite, diaspore, kyanitc, rutile, etc. 

At one time emery was obtained almost entirely from the 
island of Naxos, in the Grecian Archipelago, where it occurs in 
blocks embedded in the soil and also in the crystalline limestone 
of the islands. It is now found in Asia Minor, especially near 
Ephesus and Philadelphia, where it is also partly obtained from 
the loose soil and partly as a rock which has to bo mined. 

It is also mined in the United States at Chester (Massachusetts) 
and Peekskill (New York). 

Table XVI. 1 shows the chemical composition of the three 
chief varieties of emery. 


Table XVI. — Analyses of Emeby * 


Source, 

Alumina. 

Magnetic 
Iron Oxide, 

Silk*. 

Lime. 

Water. 

Gumach . 

77-82 

8-62 

813 

1-80 

3-11 

Naxos 

' 68-53 

24-10 

3-10 

0-80 

4-72 

Samos 

70-10 

22-21 

4-00 

0-02 

2-10 


Thorpe's Dictionary . 
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The specific gravity of emery varies slightly- in different 
localities. The Samos emery has a specific gravity of 3-98, that 
from Gumach is 3 -82, whilst the Naxos emery has a specific gravity 
of only 3-75. 

The emery is first broken b}* sledge-hammers or powerful 
crushers. Sometimes, prior to breaking, the emery is heated and 
quenched in water or cooled with a blast of air, so as to cause 
strains in the material ^hich facilitate fracture. The broken 
stone is examined, and any useless material picked by hand ; 
the residue is then crushed, washed, and sifted. The smallest 
particles are still further purified by elutriation With water, and 
are thus separated into various grades. 

Emery is chiefly used as an abrasive, its hardness depending 
on its internal physical structure and the manner in which the 
particles are aggregated together. According to L. Smith, the 
texture is of greater importance than the proportion of alumina 
present. 1 • 

The hardness of various samples of emery as compared with 
sapphire is as follows : 

Sapphire .... 100 

Gumach emery ... 47 

Naxos emery ... 40 

SarnoH emery ... 56 

Emery is used in the form of emery-cloth, emery-paper, emery- 
sticks, etc., the powder being glued by some suitable medium 
to the backing or support. It ''is also used in the form of wheels, 
made by mixing the powder with a binder such as shellac, moulding 
the mixture into the desired shape, and afterwards heating the 
articles in a stove until they are sufficiently hard. In some cases 
emery is bound with a paste consisting of loam and water, but 
such a product would not be suitable for grinding wheels unless 
the loam were of an unusually plastic nature and so fusible that, 
on heating the mixture in a kiln, the loam formed a fused or vitrified 
bond. As loams are variable in composition, artificial mixtures 
of china clay and felspar are generally substituted when vitrified 
emery wheels are to be produced. 

Eocene Sands, see under subdivisions, Barton Sands (p. 82), 
Bagshot Sands (p. 81), Bracklesham Sands (p. 84), Woolwich arid 
Reading Sands (p. 168), Thanet Sands (p. 163). Other Eocene 
sands of lesser importance are dealt with on p. 66 in Chapter II. 

Eskers are winding ridges of sand and gravel, the material 
being sometimes irregularly stratified. They appear to be the 
beds of streams which flowed in or beneath a glacier and were 
left when the ice melted. 

Estuarine Sands (sometimes termed “ muds ”) are produced 
by the precipitation of finely divided fragmental material carried 
down by rivers to the sea. Some of the finest particles of material 

1 Amer. Joum, Science, 1851, ii 366. 



ESJUARINE SANDS • M m 

in waiter are in a state of colloidal suspension, and they remain 
in this state on account of the repelling action of the electrical 
charge of each particle. Coarser particles are sometimes kept 
in suspension by being surrounded by colloidal matter. When 
the suspended particles come^into contact with the Baline matter 
ih the sea-water, the charges on them are released and, as a result, 
the particles are flocculated and form larger masses, which settle 
in the bed of the estuary. For this* reason, some fine material 
settles quite close to the shore, whereas in the ordinary way fine 
particles produced by coast erosion are carried much farther out 
to sea. * # 

Estuarine sands consist chiefly of very small particles. They 
are frequently laminated, because changes in the speed of the river 
have caused materials of different degrees of fineness to bo laid 
upon one another. Lamination is also accentuated in tidal flats 
by the constant covering and uncovering of the deposit by the 
moving water. Whilst silica is the chief constituent of estuarine 
sands, clay is often present, together with a very variable proportion 
of calcium carbonate and organic matter. In some cases, as in 
the Medway and Thames in England, and in the Seine in France, 
these calcareous muds are valued for the manufacture of cement, 
provided they contain sufficient clay. 

The occurrence of estuarine sands in the Oolitic formation has 
been previously described on p. 59. These sands consist for the 
most part of very fine grains of different colours, the beds, on account 
of their fluviatile origin, being very variable and of limited extent. 
They vary in colour from almost J>ure white to brownish. 

At Huttons Am bo occur beds of various colours from cream 
to yellow and brown, the upj>er ones containing clay and grey 
carbonaceous matter. They contain, according to Boswell, about 
84 per cent of silica and 9 per cent of alumina, together with about 
1*6 per cent of iron oxide. The lower beds arc much purer, con- 
taining only about 013 per cent of iron oxide, of which 0 09 per cent 
can be removed by washing. 

At Denford (Northamptonshire), according to Boswell, the 
cream-coloured Oolitic sand contains about 98 per cent of silica 
and 0-06 per cent of iron oxide, whilst at Tadmarton the iron 
content is somewhat higher. 

The impurities present consist chiefly of ilmenite and other 
iron-ores, garnet, zircon, rutile, kyanite, tourmaline, glauconite, 
staurolite, muscovite, and anatase. Serpentine also occurs in the 
Huttons Ambo beds. The proportion of impurities is generally 
fairly low ; Boswell found a total of 0*5 per cent or less impurities 
in the ones he examined. 

Large portions of the beds at Huttons Ambo are quite uniform 
in texture ; according to Boswell, about 85 per cent of the grains 
are between 0*25 and 0-5 mm. diameter, and about 7*5 per cant 
between 0*1 and 0-25 mm. diameter. At Tadmarton tne beds 
are similar to those at Huttons Ambo in texture, about 80 per 
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cent of the grains being between 0 25 and 0*5 mm. diameter, but 
at Benford the sand is much finer ; Boswell found that most of 
the grains in the Denford sand were between 0*1 and 0-25 mm. 
diameter. This sand is cream in colour, turning to pinkish when 
burned. 

The Estuarine sands are used for various purposes. The best 
qualities from Huttons Ambo and Denford are suitable for glass 
manufacture, whilst the mere highly coloured ones (particularly 
the upper beds at Huttons Ambo, which contain a notable quantity 
of clayey matter) are used in steel works and foundries for moulding 
purposes. 

Some of the better qualities at Huttons Ambo are also used 
for the hearths of open-hearth furnaces. 

Facing Sand is a specially prepared sand which is used to give 
a smooth face to the sand-moulds used for casting metal in foundries. 
It is shaken on to the pattern through a sieve and is afterwards 
rammed until it has a thickness of about one inch. (Soo Vol. II. 
Chapter VI.) 

Ferruginous Sands are, as their name implies, those rich in 
iron compounds. 

Fire-sand is an artificial sand produced in the manufacture of 
carborundum. (See Carborundum, p. 86.) 

Fluviatlle Sands (or River Sands) are those found on the banks 
and beds of rivers, streams, etc., and in situations where ancient 
streams existed (see p. 28). They usually consist of sharp angular 
grains, very variable in size and composition, but excellent for 
mortar, concrete, etc., where thtf grains are required to interlock 
with each other. They are also useful for filter beds. 

The fluviatile sands in the Thames, near Woolwich, are recovered 
by dredging, and used as moulding sand for brick-making. Fluviatile 
sands are seldom sufficiently pure or uniform in size of grain to 
be used for glass-making. 

Foraminiferal Sands are calcareous deposits of the skeletons 
of marine organisms formed chiefly on deep floors of the sea in 
different parts of the world (see p. 35). They are only of scientific 
interest and have no commercial value. Sands composed of other 
marine organisms also occur in similar localities (p. 35). 

Fusible Sands are those containing a large proportion of fluxes, 
such as lime, soda, or potash, in the form of felspar, mica, or other 
fusible minerals. A high proportion of iron compounds also 
reduces the refractoriness of sands if they are heated in a reducing 
atmosphere. 

Ganister is a slightly plastic, fine, siliceous grit, containing up 
to 10 per cent of clay ana forming a compact bedded sedimentary 
rock of very fine granular texture. 

The origin of the term “ ganister ” is unknown, but it was 
first applied, in connection with steel furnaces, to the fine dust 
carefully collected from the country roads between Sheffield and 
Penistone, which was rightly regarded as of great value on account 



GANISTER 


105 


of its. refractoriness. As the demands for this material increased 
much faster than the supply, attempts were made to produte a 
similar material by grinding the rocks used in making the roads. 
Laborious investigations eventually led to the recognition of certain 
outcrops of fine-grained silic^t rocks as being the most suitable 
for furnace linings, and the term ganister was therefore trans- 
ferred to these rocks. Since then the term has been extended 
(unwisely, in the author’s opinion) t(* other silica rocks, some of 
which are quite unsuitable for furnaces, and this has led to much 
loss and disappointment. As, originally, the term “ ganister ” was 
applied to rocks of a certain geological horizon, viz. that immediately 
below the Ganister Coal in South Yorkshire and Lancashire, it 
seems desirable to confine it to these rocks. The use of the term 
“ ganister ” for fine-grained silica rocks which lie just above the 
Millstone Grit in other coalfields is open to objection, as the 
properties of such ganisters are not identical with those of the 
“ true gar.ister ” of South Yorkshire. The still wider use of the 
term to include siliceous rocks from other geological horizons 
should be avoided as being incorrect and misleading, even though 
such rocks are used for some of the purposes for which true ganister 
is employed. 

The term “ true ganister ” — when used in this volume- -is 
strictly confined to the fine-grained siliceous rocks which lie 
immediately below the Ganister Goal ; other similar rocks are 
termed “ bastard ganisters.” 

* True ganister is extremely hard and difficult to crush, whilst 
some other rocks sold as ganister Jnay be reduced with comparative 
case to the constituent grains of sand, of which they are almost 
wholly composed. The best ganister appears to be associated 
with an underlying fireclay. 

Only a small part of the so-called ganister group of rocks is 
of value commercially, as the remainder is too impure to be used 
as a refractory material. The outcrops of ganister are specially 
sought, as they enable the material to be obtained more readily 
than from the deeper portions of the same t>ed8. The materials 
from the outcrop are often purer than those obtained from a greater 
depth below the surface. 

The desirable features in ganister used for the manufacture 
of ganister or silica bricks and for lining furnaces ait* : 

1. The angularity of the grains. 

2. The evenness or uniformity of the grain size. The best 
ganister rocks consist of grains 0 1 -0 3 mm. diameter. 

3. The interlocking of the mass. Rocks with rounded grains 
are generally less pure, less compact, more friable, and more likely 
to have received infiltrated impurities. When the cementing 
material is wholly siliceous, the close interlocking of the grains is 
not so important. 

4. The presence of only a small quantity of interstitial 
matter. 
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Table XVII. gives figures which are typical of .the ganister 
obtained from the chief sources of this material. 


Table XVII.— Analyses of Ganister 



Durham 

Ganister. 

Hard 

Ganister. 

a 

Sheffield 
Ganister 
( ho wood): 

SI effleld 
Ganister 
(Holling). 

Bonny- 

niulr 

Ganister; 

Laister- 

dyke 

Ganister. 

Silica . 

97-2 

97-9 

88-4 

97-8 

89*2 

97*0 

Alumina 

1-5 

0-0 

0-4 

0*2 

4*0 

1*5 

Ferfic oxide 

0*5 

0-3 

1-7 

0-2 

2*0 

0*8 

Lime . 

0-3 

00 

0-7 

04 

04 


Potash 

0-5 



0-2 

04 

0*5 

Magnesia . 


0-2 

0-4 

0 4 



Water 


0-4 

24 

0*7 

« 

34 



The occurrence and distribution of the ganister rocks of South 
Yorkshire have been described on p. 49. 

The Sheffield ganister— which is the best known and the most 
widely used — varies from a pale grey to buff colour, the predominant 
shade being a pale grey. It has an almost constant composition, 
averaging 97-7 per cent of silica, about 0-35 per cent of alumina, 
and about 0*14 per cent of potash and 0-28 per cent of soda, with 
practically no carbonates, and a very low percentage of hydrous 
silicates. The great superiority of tho Sheffield ganister depends 
on its physical properties rather than on its chemical composition. 
Its fracture is similar to that of chert ; when ground, it breaks 
into granular fragments, which interlock readily under slight 
pressure and can easily be compacted into a strong mass. The 
grains are irregular in shape and are very small, generally between 
0-05 and 0 15 mm. diameter. A small proportion of clay is present 
and some of the grains are usually united by a siliceous cement. 
Sericitic mica is abundant, particularly in the thicker parts of 
the beds, and iron stains are frequent, though irregularly dis- 
tributed, some portions of the deposits being almost free from 
iron compounds. Felspar is rarely found, but occurs in some 
ganisters. Plant - remains and carbonaceous streaks are very 
common, but do no harm to the material. 

Towards Huddersfield and Leeds the ganister rock is softer 
and contains more clayey matter. The texture is somewhat 
coarse, the grains being generally between- 0 05 and 0*2 mm. 
diameter. The fracture of the rock is less cherty and the grains 
produced by grinding are less angular than in the Sheffield ganister, 
so that they do not produce such compact linings to furnaces 
nor such good bricks. Titanium oxide occurs fairly abundantly, 
as rutile, anatase, and brookite. The rocks also contain more 
|felspathic material and white mica than in the Sheffield ganister. 
Iron compounds are comparatively common in the cement. 

In Derbyshire the ganister rocks .are more siliceous and some- 
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what coarser. At Ambergate the grains vary in size between 
0*1 and 0*3 ram. diameter, and a small proportion of heavy detrital 
minerals is present. 

In North Lancashire the ganister is somewhat similar, but 
much inferior to the Sheffield material, and generally contains 
less than 85 per cent of silica. At Rishton the texture is verv 
fine, most of the grains •being about 0 03 mm. diameter, though 
some are as large as 0*1 mm. diameter. Flakes of white mica are 
disseminated through the rock, and various heavy minerals, includ- 
ing iron-ores, rutile, and tourmaline, occur in the interstitial cement. 

In the Accrington district ganister of rather tetter quality 
occurs, and is known as Warmden rock ; it contains about 90 per 
cent of silica, 6 ])er cent of alumina, and less than 1 per cent of 
iron oxide. In South Lancashire the rock is light to dark grey 
in colour, but it is much streaked by carbonaceous matter and 
plant-remains, and contains, on an average, about 88 per cent of 
silica and 7-8 per cent of alumina. In texture it is generally very 
fine, the grains averaging 0-1 mm. diameter, though some parts 
are composed principally of grains about 005 mm. diameter. 
The cement is partially siliceous, but there is also an appreciable 
amount of clay, as shown by the percentage of alumina ; in some 
places its composition approaches that of fireclay. Mica and 
other impurities occur in small proportions. 

Bastard ganisters are often used in place of the true ganister, 
apd whilst they resemble the latter in chemical composition, they 
do not possess the same physical texture, and the use of the term 
ganister in connection with them is test avoided. They may be 
termed “ silica rocks ” or 44 sandstones.’ 1 

It is difficult to distinguish some of the bastard ganisters from 
the true ones with the unaided eye, as both may te fine-grained 
and contain abundant traces of fossilised roots and other remains 
of plants. The difference is readily seen when a thin section of 
the rock is examined under the microscope. 

The principal bastard ganisters occur in Durham and North- 
Eastern Yorkshire, South Wales, Ijanarkshire (Scotland), and at 
Bally voy, near Bally castle (Ireland). Their distribution has been 
described in Chapter II . 

The Carboniferous Limestone, Series contains several bastard 
ganisters, particularly the “ pencil -ganister ” and the “ Egglestone 
ganister.” 

The pencil-ganister of Durham and North Yorkshire consists 
of a greyish fine-grained rock, streaked with carbonaceous matter. 
In some places, as at Wensley, it has a pinkish tinge, and at Rook- 
hope the upper bed is so darkened by carbonaceous matter that : 
it is termed black pencil-ganister. The beds contain a fairly high 
proportion of silica, those at Rookhope having from 97*5 to 98 per 
cent. The texture is generally fine, the grains being from 01 to* 
0*15 mm. diameter, the Wensley rock being rather finer than that? 
in the beds at Rookbope. \ 
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The black pencil -ganister of Rookhope is very similar to, 
though not quite so fine as, the Sheffield ganister, and is prob- 
ably one of the nearest approaches to true ganister in the 
district. 

The Egglestone ganister, which o<yurs at Consett, Co. Durham, 
consists of two beds of dirty white or greyish quartzitic sandstone, 
the upper bed being rather coarser than * the lower and consisting 
chiefly of grains up to 0 18 mm. diameter. In the lower bed 
the grains are chiefly between 0 05 and 0*1 mm. diameter. The 
cement, though largely siliceous, is rather impure, and abundant 
detrital minerals occur. The upper bed is ferruginous in parts, 
whilst mica is common in the lower bed. It is mixed with other 
silica rocks for use in the manufacture of silica bricks. 

At Daddry Shield the ganister is pale buff in colour and very 
fine-grained, consisting chiefly of grains up to 0*1 mm. diameter, 
though a few may be as much as 0*3 mm. diameter. Heavy 
detrital minerals are fairly abundant ; mica is present* in small 
proportions, but felspar is absent. It is used for silica brick- 
making and, with the addition of clay, for ganister bricks. 

In Scotland, bastard ganisters occur in the Carboniferous 
Limestone Series in Peeblesshire and Lanarkshire. In Peeblesshire 
they vary from pure white to dark grey on account of the presence 
of carbonaceous matter. They consist of almost pure silica, the 
rock at Cairn Burn containing 98 -45 per cent, and that at Deepsyke- 
head 99-44 per cent. They contain practically no felspar or mi<yi, 
though ferruginous and titaniferous impurities are sometimes 
common. These rocks are very* refractory (Cone 36-37). Their 
texture is very fine-grained, the particles generally being about 
0-1 mm. diameter. 

In Lanarkshire the rocks are rather coarser and more micaceous. 
In somo parts they also contain a considerable amount of calcium 
carbonate, which forms part of the interstitial cement. 

In the Millstone. Grit Series the bastard ganisters occur chiefly 
in Scotland. Those mined at Bonny bridge consist of light-coloured 
and somewhat micaceous sandstones, containing 91-96 per cent of 
silica, 0*26-0-30 per cent of alkalies, and 0-0*45 per cent of lime. 
Felspar occurs in small quantities in some of the beds ; minute 
particles of mica are, in places, abundant. They are usually very 
fine-grained, consisting of particles from 0*075 to 0*1 mm. diameter, 
cemented by siliceous and argillaceous material. 

The Scottish ganisters are used chiefly for making bricks, and 
as ground ganister for steel furnaces. 

j?he bastard ganisters of the Millstone Grit Series in Cumberland 
consist chiefly of thin yellowish-white or pale grey laminated 
sandstones, usually quite soft and friable, and generally containing 
some felspar and mica. Clay occurs in the cement, together with 
heavy detrital minerals. At Branthwaite the cement is partially 
calcareous and dolomitic. Carbonaceous matter occurs in all the 
beds. In texture they are usually fine-grained, the particles 
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varying in size from O’ 1 to 0-2 mm. diameter. At Workington most 
of the grains are less than 0-1 mm. diameter. 

The Crouwtones of Cheshire consist chiefly of a hard, brittle, 
bluish-grey or buff rock ; in some parts they resemble Sheffield 
ganister, but are much coarser. At Mow Cop, Cheshire, this 
material is pale buff in colour and consists of grains from 0*1 to 
0-2 mm. diameter. A fefo particles of chert occur, but no felspar. 
Thd Congleton bastard ganister is viry similar to the Mow Cop 
rocks, but felspar is of more frecpient occurrence. 

Ridgeway bastard ganister is pale vellowish-grey and very 
fine-grained (0 005 mm.). Detrital minerals, especially zircon and 
tourmaline, are fairly abundant, and iron compounds also occur 
in small proportions. It is very similar to the Durham bastard 
ganisters, but is not so compact as that in the Sheffield district. 

Litchfield ganister is similar to that at Ridgeway, but is more 
micaceous, abundant flakes of muscovite mica being present. 

A bastard ganister occurs in the Cefn-y-fedw sandstono at 
Trevor, near Ruabon, called the Chwarele ganister. It is greyish 
and consists of grains between 0*05 and 01 mm. diameter, associated 
with heavy detrital minerals, clayey matter, and sometimes with 
mica. 

The so-called ganisters of the Lower Coal Measures of Durham 
are really bastard ganisters ; they have a rather larger proportion 
of impurities and of alumina than the true ganisters of the Sheffield 
district. None; of these *' ganisters " possess the same fineness 
of grain or such density and hardness as the blue and black ganister 
of South Yorkshire, though portions of the rocks possess somewhat 
similar characteristics. 

The Durham bastard ganister consists generally of a pale grey, 
fine-grained sandstone, the grains varying in size from 0 05 mm. 
diameter to 0*15 mm. diameter (average about 0-1 mm.). In 
places they aro iron -stained, though generally the iron content 
is low. The proportion of interstitial cement is usually small ; 
it is chiefly siliceous, and the impurities include felspar, mica, 
zircon, rutile, and brookifce, in addition to iron compounds and 
carbonaceous matter. Felspar is generally present in only small 
quantities, but mica is sometimes abundant, as at Knitsley Fell, 
Crook, Consett, and Stanhope. Some parts of the beds are very 
free from impurity, especially at Crook, where it* consists almost 
entirely of pure silica. At Hamsterlcy, to the south of Wokingham, 
the cement is highly ferruginous in some places, though in other 
parts of the same bed it is siliceous. 

The pencil-ganister occurring in the same beds at Crook, 
Hamsterfey, and Knitsley Fell is a white or pale grey rock of fine 
texture, most of the grains being less than 0*1 mm. diameter ; 
the cement is chiefly siliceous and encloses a small quantity of iron 
and titanium compounds and carbonaceous matter. Iron com* 
pounds are concentrated along the joints, giving local iron staining. 
Mica is moderately abundant at Crook. 
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The ganisters in this district are chiefly used for- silica hrick 
manufacture, and to some extont for “ ganister-mixture ” for use 
in steel works. 

Glossop’s ganister (Ambergate) is a bastard ganister of a bluish- 
white colour with very fine grains (0 *05 mm. diameter), containing 
a considerable proportion of ferruginous matter and muscovite 
mica. It is much iton-stained along the Jbints of the rock. 

The bastard ganister in f the Forest of Dean is yellowish in 
colour on account of the ferruginous matter ; it is quite soft and 
consists of grains up to 0-3 mm. diameter, coated with clay and 
deeply iron-stained. In the same bed occurs a harder and finer- 
grained rock, containing more felspar, ferruginous matter, and 
titanium-bearing minerals, as well as much clay. Both beds are 
used for ground ganister, which is supplied to iron and steel works. 

The Upper Estuarine Series has several beds of bastard ganister 
around Sheffield and in North Yorkshire. Thus, Castleton ganister , 
found at Deepcar, near Sheffield, consists of a nearly white sand- 
stone of fine texture, most of the grains being about 0-15 mm. 
diameter. It has a considerable proportion of siliceous cement, 
and in places the iron oxide gives the rock a buff colour. It is 
used for the manufacture of silica bricks, as a hearth -sand, ahd 
refractory mortar. 

The Pencil-ganister of Commondale consists of a dark grey, 
rather hard, fine-grained, quartzose sandstone, containing numerous 
carbonaceous streaks. It is very impure, the cement containing 
iron oxide and mica. Most of the grains are between 0-05 and 
0-1 mm. diameter. It has only' been used for the manufacture 
of silica bricks on a small scale. 

'The Hard ganister at the base of the Upper Estuarine Series 
consists of a pale buff, moderately hard rock, having an even 
texture and consisting of grains averaging 0-2 mm. diameter, 
though some are as large as 0-6 mm. diameter. . The cement is 
a siliceous material containing grains of iron oxide and some 
tourmaline, but almost free from felspar and mica. This ganister 
is used principally for the manufacture of silica bricks and also 
for the hearths of open-hearth furnaces. A softer and reddish 
bastard ganister, which occurs at some distance below the Hard 
ganister, is not used commercially. 

From the foregoing statements it will be seen that of "many 
silica rocks only a few deposits are commercially valuable as 
ganister, and that this term relates principally to siliceous rocks 
having a special texture. This is primarily due to the fine angular 
grains, surrounded by an almost pure siUceous cement, of which 
the true ganisters are composed. In other words, the value of 
ganister is not characterised so much by its geological location, 
jor hy the rocks with which it is associated, as by the smallness and 
angularity of the grains. 

« Ganister is used for a variety of purposes, but chiefly for lining 
^metallurgical furnaces and as the chief constituent of various : 
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mortars, cements, and “ compositions ” used in laying firebricks, 
patching kilns, and for foundry work. Lump ganister is the 
coarsely crushed rock which is only used for rough work. Ground 
ganister — mixed with the requisite quantity of water-can be used 
in any form of furnace construction which will permit the material 
being rammed around a pattern or used in the form of a paste. 
It is largely used in iron-smelting cupolas, Bessemer converters, 
and crucible-steel furnaces, and as a moulding sand by steel manu- 
facturers. Ganister bricks are moulded out of a paste made by 
mixing ground ganister, lime, and water. Ganister mixture , 
pug-ganister , or compo is a mixture of ganister and 5-20 per oent 
of fireclay ; it is used for lining furnaces and for general foundry 
use, and also for patching and repairing kilns, furnaces, cupolas, etc. 

Puramachos is an artificial ganister consisting of powdered 
quartz, with about 10 per cent of clay and a little water-glass. 

Silica cements are made by mixing ganister, silica rock, or othor 
siliceous ihaterial with a binding agent such as fireclay or water- 
glass. 

Ganister Sand is a term used for the sands occurring in the 
pocket clays of Derbyshire. Such sand l>eai\s some resemblance 
to # crushed ganister, but is seldom used in the manufacture of 
pure silica bricks. It is often mixed with clay and used for semi- 
silica bricks, for which it is very suitable. (See also Pocket 
Sands, p. 134.) 

• Garnet occurs in cubic crystals having a specific gravity of 
3 -4-4 -3 and a hardness of 6J-7J. # It is generally reddish in colour, 
though dull green, emerald green, yellow, and black varieties 
also occur*. In composition, garnet is an alumino-silicate of calcium, 
magnesium, iron, or manganese, or a silicate of calcium and iron, 
or calcium and chromium, or combinations of any of the above 
substances. These differences in composition give rise to various 
kinds of garnets, the chief being almandine, hessonite, spessartite, 
pyropc, rhodolite, and demantoid. 

Almandine is a purplish-red variety found in the alluvial 
deposits of Ceylon and Minas Novas in Brazil, in the; mica-schists 
of Kirehangarh and Jaipur States of India, and in gneisses, schists, 
and granites in North America, particularly in the Adirondacks. 
Hessonite is a pale brown or yellowish -red variety found in the 
gem gravels of Matura district, Ceylon. Spessartite is a red or 
brownish-red garnet which occurs in association with mica in the 
granites of Amelia in Virginia, U.S.A., and in the gem gravels 
of Ceylon. Pyrope is a crimson carnet found in peridotite and 
terpentine rocks of Northern Bohemia, and alluvial gravels at 
Santa in New Mexico and North-Eastern Arizona, where it is 
[ known as the “ Arizona ruby.” In South Africa, where it occurs 
/■:' associated with Kimberlite, it is known as “ Cape ruby.” Rhodolik 
k is a pale red or violet-coloured garnet found with rubies in Macon 
# County, North Carolina, and at Dewalegama in Ceylon. Demantoid 
'■-'•is. a yellow or emerald-green garnet which occurs in serpentine 
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at Bobrovka in the Ural Mountains, 0 

asbestos. Melanite is a black garnet conta 1 , 

and is found in syenites and phonolites. lopazome is a noney- 
coloured garnet. 

Small quantities of garnets are very widely distributed, the 
chief sources being India, Ceylon, the United States, Brazil, Spain, 
and Russia. 

Garnets also occur in Warren Co., New York, associated with 

hornblende and fel- 
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spar, from which they 
are removed by wet 
concentration. A 
granite rock contain- 
ing 40-50 per cent of 
garnet occurs in 
Merrimac Co., New 
Hampshire, together 
with quartz and biotitc 
mica, from which it is 
separated by crushing, 
screening, and dry con- 
centration. In Tra- 
vancore, India, garnet 
is abundant in the 
beach and river sands, 
whilst in Almeria, 


Spain, it is also found 
in alluvial deposits. A 
Fra. 3.— Garnet sand, x 20. typical garnet sand is 

shown in Fig. 3. 

The finest garnets are used as gem stones, whilst the inferior 
varieties are used as abrasives ; the latter are chiefly derived from 
India, Spain, and America. 

Garnet is superior to sand as an abrasive, but is inferior to 
emery in hardness. The powder is used for cutting gems and is 
also applied to paper, and so used for smoothing woodwork, scouring 
leather, etc. In North America it largely replaces emery. 

Gas Sands afe those containing or yielding a natural gas. 

Gem Gravels and Sands of great economic importance are 
produced by the concentration of heavy minerals within a small 
area by means of the action of water which tends to carry off the 
smaller particles and those of low specific gravity, leaving a residue 
rich in the minerals of higher specific gravity. The principal 
deposits are those containing diamonds, rubies, sapphires, and 
emeralds. 

Diamond beds are the most important of such placer deposits 
containing valuable gems ; they are widely distributed, though 
in most places the proportion of diamonds is too low to make their 
recovery profitable. The oldest diamond workings known are in 
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Borne of the .river gravels of India, particularly at Nizam in the 
Madras .presidency, at Sambalpur and Warragarh in the Central 
Provinces, and at Nagpur and Panna in Bundclkhand. These 
world-famed Indian deposits now contribute little to the present 
supply. 

The South American gem sands in the States of Minas Geraes, 
Goyaz, Bahia, Matto Grosso, Par an A, and Sao Paulo form an 
abundant source of diamonds. In t)ianiantina they occur in 
detritus from micaceous sandstones containing quartz and clayey 
matter with pyrites and tourmaline, but in other localities the 
diamonds are associated with gold, monazite, rutile, anatase, 
brookite, magnetite, haematite, ilmenite, etc. In the State of 
Bahia most of the diamonds are of the carbonado variety. 

Africa now provides the greater portion of the world s supply 
of diamonds, which are obtained partly as gem gravels and sands 
and partly from mines in intrusive igneous rocks. In the Vaal 
River basin on the Great Namuqualand coast of South-West Africa 
the diamonds are scattered through sand and gravel, though in 
some places they have been concentrated by the action of winds. 
These deposits consist chiefly of lava, agate, chalcedony, jasper, 
and quartz. The diamonds occur in association with ilmenite, 
garnet, zircon, mica, and a banded rock termed “ bantam,” which 
is really a spessartite-andalusite rock. On the west coast of Africa, 
in the bed of the river .Jiblong, large quantities of diamonds are 
foijnd associated with kyanite, corundum, zircon, diopside, rutile, 
chromite, magnetite,*, ilmenite, haematite, limonite, pyrites, and 
gold, these deposits having been "derived by the concentration of 
heavy minerals from disintegrated metamorphic rocks. 1 

The greater proportion of the diamonds in South Africa are 
obtained by mining an altered basic igneous peridotite, known 
as “ blue ground ” and “ yellow ground ” according to its colour, 
which indicates the extent of its decomposition, the blue ground 
being the least weathered. This rock is probably of Lower 
Cretaceous age ; it occurs in largo pipes and dykes, the diamonds 
being associated with serpentine, ilmenite, garnet, diopside, 
enstatite, phlogopite, picotite, and zircon. The principal pipes 
are around Kimberley, some being as much as 260 yards- wide 
at the surface, though the width decreases with the depth. They 
have been worked to a depth of over 3500 ft. Thb average yield 
is about 200 milligrams of diamonds per ton of good rock. The 
yellow ground having been more weathered than the blue ground 
is easy to work, being quite friable and equally as rich in diamonds. 
The origin of the Kimberley diamonds is obscure ; possibly the 
carbon was derived from deep-seated basic igneous rocks and 
crystallised out as the pipes cooled down. Other diamond mines 
in South Africa occur in Griqu aland West, and at Jagersfontein 
and Koffyfontein in the Orange River Colony. 

In Australia diamonds are found in drift gravels on the Cudegong 

1 Hatch, Oeol Mag 1912, 106. 
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river, near Mudgci, and at Bingera and Inverell in* New South 
Wales, and rarely at Echunga in South Australia, and at Beech- 
worth in Victoria. 

Diamonds are found in association with gold in North Carolina, 
Georgia, and California, and with platinum in Oregon, and also 
in an altered intrusive peridotite near Murfreesboro, Arkansas. 
In British Columbia small crystals ate found associated with 
chromite in peridotite at Olfvine Mountain. 

In Borneo diamonds are found in alluvial clays, river sands 
and gravels, and also in an Eocene conglomerate. The gems 
are associated with corundum, pyrites, gold, and platinum, the 
matrix consisting chiefly of quartz, together with some fragments 
of igneous and metamorphic rocks. 1 

For information on the properties and uses of diamonds see 
under Diamond, p. 96. 

Rubies and sapphires (corundum) usually occur in association 
with spinel and quartz, and, on account of their highly resistant 
character, are very often found in river sands and gravels produced 
by the disintegration of older rocks, and by the concentration 
of the heavy minerals. Sapphires are found as rolled crystals 
and pebbles in detrital deposits in Ceylon, and with rubies in Upper 
Burma. In Ceylon they occur in association with zircon, 
tourmaline, spinel, corundum, garnet, ilincnite, rutile, chrysoberyl, 
geikielite, picroilmenite, thorianite, thorite, monazite, fergusonite, 
and baddeleyite. Cassiterite and gold occur to a very limited 
extent. 2 

Large sapphires are found in the Zanskar range of the Himalaya 
Mountains, whilst dark-coloured stones occur in the province of 
Battambang in Siam. 

Rolled sapphires arc also found in placer deposits near Helena 
in Montana, U.S.A., in Brazil, and in the gold drifts of New South 
Wales and Victoria. 

Rubies are distributed less widely than sapphires. The most 
important source of rubies is Mogok in Upper Burma, where they 
occur in placers (known locally as byon) which have been produced 
by the disintegration of a white crystalline limestone interfoliated 
with gneiss. The so-called Australian rubies, Adelaide rubies, 
and Cape rubies are usually garnets. 

Artificial rubies may be made by fusing alumina and red fead 
together with 2-3 per cent of potassium bichromate in a fireclay, 
crucible. Sapphires are made in the same way, but with the addition 
of 9 little cobalt oxide. Gems of superior quality are obtained 
by fusing small quantities of the same materials in an electric arc, 
the gems being “ built up ” as successive layers are fused on to 
the primary particles. (See also Corundum , p. 93.) 

Other gems found in sand and gravel deposits include andalusite , 

1 Borneo : Its Origin and Mineral Resources, trails, from German by 
F. H. Hatch, London, 1892,p. 385. 

* Ceylon Administrative Reports, 1903-1909. 
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which* is ass6ciated with topaz in Brazil placers, chrysoberyl , which 
occurs in association with amethyst , tourmaline, garnet , spinel , and 
topaz in Brazil and Ceylon, and cordierite and zircon , which also 
occur in Ceylon. 

Garnets are described separately. (See Garnet , p. 111.) 

Glacial Sands are realty of fluvio-glaeial origin, and appear to 
have been formed by the action of wajer derived from the melting 
ice upon the materials brought down as a direct result of ice action. 

Glacial sands are generally brownish in colour, though this 
is not always an indication of a large percentage of iron. In many 
cases it is due to the presence of a jjeaty matter which tends bo 
reduce the proportion of iron (see Carlxinaceous Sands, p. 90). 
The glacial sands between St. Helens and Ormskirk (Lancashire) 
are of this character, the proportion of iron, according to Boswell, 
being only about 0 05 per cent, although they are dark brown in 
colour. The j>ercentage of silica in these sands is 96-97 per cent. 

Glacial sands are generally rather coarse and irregularly graded. 
Boswell found that the majority of the grains are between 0-25 
and 0-5 mm. diameter, the deposits between St. Helens and Ormskirk 
containing about 12 ]>er cent of particles smaller than 0*25 mm. 
diameter, whilst those of Scunthorpe, Lincolnshire, contain 7-6 per 
cent smaller. Some, however, are much finer, those in Durham 
containing 634 per cent of grains between 01 and 0-25 mm. and 
32-9 per cent still smaller, whilst the sands at Liston, Suffolk, 
contain 47 • 8 per cent smaller than 0 • 1 mm . The grains arc generally 
fairly angular, as little rolling or rounding action has accompanied 
their formation, the movement being more of a sliding nature 
which tends to produce angular grains, whilst the distance traversed 
is not sufficient to rub off the sharp corners. Glacial sands arc 
•much less regular than those formed wholly by running water. 
In some cases rounded grains do occur, but these are often derived 
from previously existing sedimentary rocks. In Cumberland and 
Lancashire deposits of this kind occur, the material having been 
derived from the Trias and other more ancient formations. Glacial 
sands usually occur in association with boulder clay. They often 
occur in lenticular masses in the clay, and consist of angular grains 
of quartz, together with variable (sometimes large) quantities of 
heavy minerals, including garnet, iron ores, tourmaline, hornblende, 
augite, hypersthene, zircon, rutile, kyanite, staurolite, and a small 
‘amount of andalusitc. 

Glacial sands are used for various purposes. Some of the 
purest glacial sands of Lancashire and of Ireland are used for the 
manufacture of glass bottles, and those of Ipswich for steel casting. 
The less pure and inferior sands are used for building and other 
purposes for which a pure sand is unnecessary. Those of Durham 
and Scunthorpe (Lines) are used as moulding sands. 

Glass Sands are those used in the manufacture of various kinds 
of glass and are usually very pure, containing at least 98-5 per cent 
Of silica and little or no iron compounds. 
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Table XVIII., compiled by Boswell, shows the geological 
position of the principal glass-making sands in this country. 

Table XV I [T. — The Distribution of Glass Sands 


Geological Position. 


Name of Sand. 


Locality. 


Shore and Blown 
Sands. 

Glacial . 

Upper Eocono 


Lower Eocene 


Hoadon Hill Sands 
Barton Sands 

Thanet Beds 


Crank, Rainford, etc. (Lancs). 
Alum Bay, Isle of Wight, etc. 
Fordingbridgo (Hants), Long- 
down, New Forest. 
Charlton (Kent), Rochester 


Lowor Cretaceous 


Middlo Oolite 
Lower Oolito 

Upper Trias . 

Lower Trias . 
Carboniferous 


Lower Ordovician 
Doubtful Age (pre- 
Claeial) 


Lower Greensand 


Tunbridge Wells Sand 
Ashdown Sands 

Kellaways Beds 

Upper Estuarine Beds 
Lower Estuarine Beds 

Keuper Waterstonos 

Lower Buntor Sands 
Coal Measures 
Carboniferous Lime- 
stone 
Arenig 

Bucket Sands 


(Kenfc)^ 

Aylesbury (Bucks), Ayles- 
ford (Kent), Godstone 
(Surrey), Hollingbourne 
and Boarsted ’ (Kent), 
Leighton Buzzard (Beds), 
Lynn (Norfolk), Oxted 
(Surrey), Reigate (Surrey). 

Ashurstwood (Sussex). 

Fairlight and Bulverhyth 
(Sussex). 

Burythorpe and South Cave 
(Yorks). 

Huttons Ambo (Yorks). 

Corby (Northants), Donford 
(Northants). 

Spital (Cheshire), Alderley 
Edge (Cheshire). 

Worksop (Notts). 

Guiseley (Yorks). 

Mold (Flintshire), Minera 
(Denbigh). 

Stiperstones (Shropshire). 

Parsley Hay (Derbyshire), 
Brassington (Derbyshire), 
Low Moor (Derbyshire), 
Kibden (Staffs), Abergele 
(Denbighshire), Rhes-y-cae 
(Flintshire), etc. 


The chief of the beds mentioned occur in the Lower Cretaceous 
formation, and comprise the Lower Greensand, Tunbridge Wells 
Sands, and Ashdown Sands. These beds are used for the best 
quality of glassware, the other formations in most cases being 
only suitable for inferior glass. For further information on glass 
sands see Vol. II. Chapter XII. 

* Glauconitic Sand is so called on account of the presence of the 
mineral glauconite, an amorphous, granular, or earthy hydrous 
potassic-ferric silicate of very variable composition, frequently 
containing also alumina, magnesia, and lime, found exclusively 
^in deposits of marine origin, as in the Greensand beds of the 
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Cretaceous System. Pure glauconite is green in colour, but the 
sand-beds are not necessarily green, as iron and other impurities 
sometimes give them a brown colour which masks the green of the 
glauconite. 

Glauconitic sands are sometimes used as fertilisers on account 
of the phosphatic matter they contain, and also for recovering 
potash, but otherwise thfy are of no special use. 

Gold Placers are alluvial deposits #f sand and gravel containing 
a large proportion of heavy minerals, including metallic gold. 
They are more widely distributed than any other valuable mineral 
placers, and are formed in two ways: (i.) bv surface denudation, 
whereby the rock containing the metallic gold is disintegrated and 
the lighter material carried away, leaving a concentration of heavy 
minerals, cither on the surface of the rock or at the bottom of boiuo 
slope in the vicinity ; (ii.) by fluviatilc action, whereby much of 
the lighter materials have been removed and the heavier ones 
concentrated in river beds and lakes. The most important deposits 
arc those of the second class, the gold being usually most abundant 
amongst the coarser gravels at the base of the deposits. In somo 
cases natural riffles are produced by the upturned edges of rocks, 
and in the beds of clay or sand cemented by iron compounds which 
sometimes alternate with the gravel l>cds. 

Gold usually occurs in association with heavy detrital minerals 
such as magnetite, ilmenite, haematite, chromite, garnet, zircon, 
spinel, etc., forming what are known as “ black sarnU ” (p. 82). 

The gold consists of grains of various shapes, some being thin 
scales or flakes, whilst other grains are rounded or irregular. Their 
size varies from that of the finest dust to large nuggets or “ pebbles.” 

Gold placers an; chiefly found in the Recent and Pleistocene 
deposits of California, Alaska, Australia, and Siberia, but they 
also occur in many other geological formations, as on the Gold Coast, 
Africa, and also in the Transvaal — where gold occurs in ancient 
placers which have been consolidated and afterwards covered by 
other beds— in Russia (Ural Mountains and Siberia), and in Canada, 
particularly in British Columbia and Nova Scotia. Very small 
quantities of gold have been found in various localities, including 
Wales, and even sea-water retains a small proportion in solution. 

The gold drift deposits of Australia consist of gravels, sands, 
and clays, placed quite irregularly and containiifg large boulders 
of quartz surrounded by gold-bearing sand and gravel. 

In California the gold-beds lie at the base of the western 
flanks of the Sierras and consist of loose sand and gravel, covered 
by sheets of basalt and extending sometimes to a height of 2000 ft. 
above sea-level, with a thickness of 200 to 600 ft. The upper 
part of the beds consists of a reddish loam mixed with small gravel, 
below which is a coarse gravel with numerous boulders chiefly of 
quartz. The gold is scattered through the gravel, but is found 
chiefly in the lower part of the bed. 

Gold-bearing beach sands are due to the movements of the 
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sea having concentrated the heavy particles and separated mn# 
of the lighter material. The gold in these deposits is usually 
associated with a black iron-sand, though in some places, as at 
Cape Yagtag (Alaska), garnets replace the iron-ore. Beach placers 
also occur in New Zealand, Oregon, and Chile. 

The sand is of no serious value when the gold has been removed, 
and prior to its removal the value of the sand is solely dependent 
on the cost of extracting tke precious metal. It is obvious that 
if 1 oz. of gold costs £4 to recover in a pure state whilst the market 
price for the metal is below this figure, the sand under consideration 
is of no value as a gold-bearing material. 

Green Sands are chiefly due to the presence of the mineral 
glauconite as a film or coating on the grains of quartz and other 
minerals present. It may also be due to the presence of an 
exceptionally largo proportion of certain hydrous magnesian 
silicates such as chlorite, talc, or serpentine. Hornblende, olivine, 
etc., may also give a greenish tinge to sand, though usually they 
are so easily decomposable that they are removed from the sands 
by various natural influences. 

Greensand is the name applied to the marine beds lying below 
the chalk of the Cretaceous System. It takes its name from the 
green grains of the glauconite (p. ISO) which it contains, but the 
name is somewhat misleading, as the general colour of these sands 
is brown. The occurrence and distribution of these beds have been 
described on p. 01. The Lower Greensands are of great com- 
mercial importance and include the Folkestone, Aylesbury, Leighton 
Buzzard, and Sandringham sands'. 

The Folkestone Beds, which are the highest in the Lower Green- 
sand, consist of white or cream-coloured sands containing about 
99 per cent of silica. The purest beds occur at Godstone in Surrey, 
where some of the sand is almost pure white, though in places it 
is contaminated by iron stains. According to Boswell, the best 
qualities contain about 99-56 per cent of silica and 0-06 per cent 
of iron oxide. The iron-content is rather high at Godstone, com- 
pared with parts of the bed in other localities, but the Godstone 
sand is more uniform and even-grained. At Reigate the pro- 
portion of silica is rather lower, but the percentage of iron is only 
0-02. This is due to the fact that the iron compounds are con- 
centrated into patches, thus leaving the rest of the material with 
a smaller proportion of ferruginous matter. A small quantity 
of calcareous matter is also present in the Reigate sand. At 
Westerham (Surrey) the beds are rather impure and of inferior 
quality. At Hollingbourne, Bearsted, and Aylesford in Kent the 
iron-content of the best portions of the beds is about 0*04 per cent, 
the general colour being from nearly white to cream, the latter 
predominating. Both the Reigate and Aylesford sands contain a 
small quantity of calcareous matter. At Rogate (Sussex) calcareous 
matter occurs in patches in the sand. 

The principal mineral impurities in the Folkestone beds are 
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dWmnmn to moat Greensand beds and are principally tourmaline, 
kyanite, staurolite, ilmenite, zircon, rutile, and limonite. Muscovite 
mica also occurs to some extent. The proportion of heavy detrital 
minerals is generally quite low. At Hollingbourne and Bearsted, 
Boswell found less than 0 03 per cent of such minerals present in 
the sand. 

The texture of the Folkestone beds is generally fairly uniform 
and fine. According to Boswell, at flollingbourno and Bearsted 
about 94-6 per cent of the grains are between 0 25 and 0*5 mm. 
diameter. At Aylesford, Reigate, and Godstono a rather larger 
proportion of liner grains occurs, about 1 4 -5 per cent of grains 
between 01 and 0-25 mm. diameter being present in Reigate sand, 
16 per cent in that at Aylesford, and nearly 26 jkt cent in that 
at Godstone. At Oxted and Limpsticld the beds are rather coarse, 
there being about 12 per cent of grains over 0-5 mm. diameter 
and little more than 1 per cent under 0-25 mm. diameter. 

The amount of fine “ clay ” present in the beds varies in 
different localities. In most cases Boswell found less than 0 5 per 
cent, but at Reigate about 2 per cent is present. 

The Folkestone beds are used for various purposes according 
to their purity. The best qualities are used for glass-making. 
The Reigate sand is used principally for sheet glass and laboratory 
glass-ware. Common glass has been made from the deposits at 
Hollingbourne and Bearsted, but at present they are not used. 

The poorer qualities of sand, which contain a higher proportion 
of iron, are used for building purposes, abrasive soaps, and as 
silver sand. 

The Aylesbury Sand is one of the whitest and purest sands in 
this country ; it occurs in beds about 18 ft. thick, in association 
with iron and carbonaceous matter, these materials splitting the 
white sand into beds 4-6 ft. thick. Aylesbury sand is very similar 
to those of Fontainebleau (France) and contains, according to 
Boswell, 99-8 per cent of silica and only 0 03 per cent of iron oxide. 
The usual mineral impurities of the Greensand formation are 
present in small quantities. It is very uniform in texture, over 
78 per cent of the grains being between 0-25 and 0-5 mm. diameter, 
whilst about 15 per cent are between 0*1 and 0*25 mm. diameter, 
qpd about 6 per cent between 0*01 and 01. A typical micro- 
photograph of Aylesbury sand is shown in Fig. 4. It is chiefly used 
in the manufacture of flint glass. 

The Leighton Buzzard Sands vary from nearly pure white to 
pale yellow sands associated with carbonaceous matter to highly 
ferruginous deposits. The best beds of “ pale sand ” contain, 
according to Boswell, about 99*6 per cent of silica and 0*2 per cent 
of iron oxide. The impurities present are practically the same 
as in other Lower Greensands. 

The texture of the Leighton Buzzard sand is somewhat coarse ; 
Boswell found that 20-50 per cent of the material consists of 
grains between 0*5 and 1 mm. diameter, and 17-86 per cent 
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between 0 25 and 0-5 mm. diameter. There is practically no 
“ clay ” present. It is a very pure sand from a mechanical 
standpoint, there being sometimes only 0-1 per cent of material 
which is not true sand. 

The best qualities of the Leighton Buzzard sand are used for 
glass-making. The coarser sands are principally used for filtering 
purposes, the manufacture of concrete* and for grinding, whilst 
the parts which contain too fnuch iron to be used for other purposes 
are suitable for building. Some of the sand is used for casting 
in foundries. 

Lynn or Sandringham Sand is found in tho Lower Greensand 
bods to the east of the Wash in Norfolk (p. 64). It occurs in 
the Sandringham sands formation, and is worked at various places 

around King’s Lynn, 
including Middleton 
' v ‘ and Gay ton. The sand 

. * +/*) varies in colour from 

j . ^ \ grey to reddish, the 

^ f \ purest beds containing, 

\ according to Boswell, 

/ * Vt ^ ~ 1 about 99 per cent of 

^ silica and 0*04 j>er cent 

* ‘ \ t . . of iron oxide, and are 

^ y. thus rather richer in 

v ^ iron than the Ayles- 

: ^ bury sands. Lynn 

^ sand is also rather 

, * coarser, most of the 

grains being between 
* . 0-25 and 0-5 mm. 

diameter. 

The texture of 


Lynn sand is very 
Fig. 4. — Aylesbury high silica sand, x 20. remarkable. Accord- 
ing to Boswell, it is 
the most even-grained glass-sand in the country, especially that 
found in the vicinity of Middleton, which contains about 95-1 per 
cent of grains between 0-25 and 0*5 mm. diameter. It is rather 
richer in iron than may be desirable, but is highly valued. The 
heavy detrital minerals present are characteristic of the Greensand 
formation generally, though Boswell states that the deposit is 
rather richer in felspar than most of the Greensands and that 
garnet occurs to a small extent. 

The Lynn sand is very uniform in quality. It is used for various 
purposes, including foundry moulding, building, glass-making, etc. 
The purest beds are used for glass ; some of the red sand which 
occurs extensively in these beds is used in the manufacture of 
black bottles, whilst the pale sands are used for window-glass, 
plate-glass, laboratory ware, electric lamp bulbs, bottles, etc. 
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Ne’ar Gayton the sands are more felspathic and contain only 
about 97 per cent of silica. The proportion of iron compounds 
is also considerably higher, being almost 0 19 per cent, and rather 
less true sand is present. Glauconite is disseminated through 
the sand usually as a coating over the silica grains, but in places 
it is concentrated into greenish seams. The Gayton sand is largely 
used for the manufacture *of glass bottles and also for the hearths 
of Siemens open-hearth furnaces. • 

Grey Sands are of no particular value, but if their grey tint 
is due solely to carbonaceous mutter and the sands are otherwise 
pure they may be used for glass-making, foundry -work, etc. A 
grey sand should always lx> tested for calcium carbonate prior 
to making an extensive examination, as limestone dust is of little 
value except in ce il mines. 

Hastings Sands comprise the bods between the Purbeck strata 
at the top of Oolite formation and the Wealden beds. They include 
the Tunbridge Wells sand, Ashdown sand, and Fairlight clay, 
and occur in the north-east of Sussex and the south-west of Kent. 
Their occurrence and distribution have already been described 
(p. 61). 

The Tunbridge WelLi Sand occurs at the top of the Hastings 
beds immediately below the Weald clay in the neighbourhood of 
Tunbridge Wells (p. 01). It consists of a creamy-white sand 
containing, according to Boswell, about 99 |>er cent of silica and 
0*01 ]>er cent of iron oxide, the colour deejiening slightly on burning. 
About 85 per cent of the grains are between 01 and 0-25 mm. 
diameter, and there is rather a higher proportion of dust than in 
the Ashdown sand, which occurs in the same formation, the 
proportion of grains less than 0*01 mm. l>cing 2*5-3 *0 per cent. It 
also contains a rather larger percentage of heavy minerals (about 
0*24 per cent), the principal ones found by Boswell being zircon, 
rutile, ilmenite, and tourmaline. Muscovite Hakes, glauconite, 
and anatase also occur in small quantities. In places, the sand 
is hardened, forming a soft sandstone as at Ashurstwood, near 
East Grinstcad. 

The Tunbridge Wells sand is used for glass manufacture. 

Ashdown Sands form one portion of the Hastings beds and 
occur chiefly around Fairlight and Hastings in association with 
lignite (p. 61). The sand is pure white and coiltains less than 
0*02 per cent of iron compounds, this very low figure being due 
in all probability to the reducing action of the carbonaceous matter 
usually associated with the sand, whereby the ferrous salts are 
largely removed in solution by percolating waters. Boswell gives 
the following chemical analysis of the sand near Hastings : 


Silica . 

Alumina 
Ferric oxide 
Lime . 

Magnesia 
Loss on ignition . 


99-47 per cent 
0-24 

0-002 „ 
0-29 „ 

■ trace 

0-20 per cent 
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This sample is almost as pure as the best Fontainebleatf sand ; 
on burning, it has a slightly pink colour. It is very even-grained 
and consists for the most part of grains between 0-25 and 0*5 mm. 
diameter, there being only 16 per cent smaller than *0-25 mm. 
According to the mechanical analysis by Boswell, there is about 
99*8 per cent of true sand (i.e. grains between 0-1 and 0-5 mm.) 
in the deposit. This consists chiefly of Tine quartz grains together 
with a very small proportion of heavy minerals (about 0-01 per 
cent), including magnetite, limonite, ilmenite, chiefly altered to 
leucoxene, brown tourmaline, zircon, rutile, and muscovite. 

At Bulverhytho the sand is very similar to that previously 
described, but is rather richer in iron compounds. Boswell found 
that the grain-size of the bulk of the deposit is approximately 
the same, but there is a greater proportion of both the finest and 
coarsest grains, the total percentage of particles between 0-1 and 
0*6 mm. being about 99 per cent. 

Ashdown sand is largely used for glass manufacture, some 
parts of the beds being equal in quality to the best French glass- 
sands. 

Infusorial Earth is a sand consisting of the siliceous remains of 
diatoms and other living creatures. (See Diatomaceous Earth , p. 96). 

Iron Sands are black and brown sands which are rich in iron 
compounds. Black iron sands containing the magnetic iron oxide 
occur on the shores of the river Natashkwan, which flows into the 
B Gulf of St. Lawrence about 530 miles north-east of Quebec. The 
sand occurs in patches in the dunes and sandy beaches on a long 
peninsula between the river and the sea, to the north-east of its 
mouth, and continuing for a distance of six to eight miles eastwards 
along the coast. The iron-l)earing material has been concentrated 
by the action of the river’s normal current, the incoming tide, the 
outgoing tide, and the winds blowing cither up or down stream. 
The crude sand contains about 14*7 per cent of iron oxide and 
4-43 per cent of titanic acid. The deposits have not been worked 
to any great extent, but an investigation was made upon them 
in 1913 by the Canada Department of Mines, Ottawa. Ferruginous 
sands occur in the beds known as Northampton Sands (p. 59) 
and are in some cases used as a source of iron-ore. 

Other iron sands have not been fully investigated, but unless 
they are as rich in iron oxide as a good iron-ore they are of no value 
as a source of that metal. Usually, they can only be used for 
building and agricultural purposes. 

The presence of iron sands in other purer sands is a serious 
detriment to the latter and one of the chief reasons why so many 
sands are of no serious commercial value. A typical iron sand is 
shown in Fig. 5. 

Jurassic Sands, sec Oolite Sands (p. 132) and Lias Sands (p. 124). 

Kellaways Sands occur below the Oxford Clay of the Oolitic 
formation. Their occurrence and distribution have already been 
described on p. 58. They vary in colour from nearly white to 
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brownish, a pale brown being the predominant tint. The pro- 
portion of iron oxide varies in different localities. At Burythorpe, 
near Maften, Yorks, up to 0*22 per cent together with about 
1*6 per cent of alumina and some quantity of calcareous matter 
was reported by Boswell, who also found that the mineral impurities 
present in the Kellaways beds are typical of the Inferior Oolite 
rocks, and consist chiefly* of magnetite, ilmenite, garnet, rutile, 
zircon, staurolite, tourmaline, and muscovite. Towards Sancton 
the amount of mica present is considerably increased. 

The Kellaways beds vary in texture in different localities, 
though that at Burythorpe is quite uniform and rather fine. At 
Burythorpe and Levening, Boswell found that approximately 
equal proportions of grains lie between 01 and 0-25 mm. and 
0-25-0-5 mm. diameter 
respectively. At Scfuth 
Cave, however, over 
90 per coot of the 
grains lie between the 
sizes 0-1 and 0-25 mm. 
diameter. The propor- 
tion of “ clay ” present 
is generally less than 
1 per cent. 

The sand at Bury- 
thorpe has been used 
in the past for glass - 
making, but it is not 
at present being 
worked. At South 
Cave the Kellaways 
beds are mixed with 
those from the Estu- 
arine Series and used 
as moulding sand. 

Keuper Sands occur 
above the Bun ter Beds in the Triassic System and consist 
largely of marine and aeolian material. Their occurrence and 
distribution have already been described on p. 52. Most of the 
sand-bearing material in the Keuper Series consists of soft greyish 
or white sandstones, the principal beds being the Keuper Water- 
stones, which occur chiefly in Cheshire (p. 53). Near Spital 
the sandstone is cream-coloured and yields a sand containing 
(according to Boswell) about 94-6 per cent of silica, 3 per cent 
of alumina, and about 0-06 per cent of iron oxide. The high pro- 
portion of alumina is due to felspar and clay, and is characteristic 
of the Keuper beds. The alumina renders the sand specially 
suitable for the manufacture of bottle-glass on account of the 
strength which it imparts to the ware. Other heavy detrital 
minerals occur up to about 0-06 per cent and include ilmenite, 
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Kio. 5. — Magnetic iron sand, x 20. 
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magnetite, tourmaline, zircon, rutile, and anatase.. The bulk of 
the grains are between 0-25 and 0 5 mm. diameter. The proportion 

of “ clay ” separated 
mechanically is gener- 
ally less than 3 per 
cent, whilst the total 
amount of true sand is 
about 96 per cent. 

At Alderley Edge 
in Cheshire there aro 
large tips of sand from 
the Keupcr Water- 
stones which, accord- 
ing to Boswell, consist 
chiefly of grains be- 
tween 0-25 and 0-5 
mm. diameter, to- 
gether with about 17 
per cent of grains 
between 01 and 0 25 
mm. The iron con- 
tent is fairly low 
(about 0*12 per cent), 
but the percentage of 
alumina is fairly high. A typical microphotograph of Alderley 
Red moulding sand is shown in Fig. 6. 

Kleselguhr, see Diatomaceous Earth (p. 96). 

Lacustrine Sands are of the same general character as Estuarine 
sands, except that the organic constituents are different. Such 
sands are largely a product of tiuviatile action, though in some cases, 
as in mountainous regions, much glacial material has found its 
way into the beds of lakes. Examples of this type of deposit 
are very common in Switzerland, especially in the Lake of Geneva, 
but they are not so readily recognisable in British sands. Lacustrine 
sands are usually fairly uniform in texture, but tend to be very 
variable in chemical composition, and when that is the case they 
are of little value. The purer varieties are used for glass, foundry 
work, etc. ; the others make good building sands if the grains are 
not unduly rounded. 

Lias Sands occur in the Lias formation (p. 56). They are 
seldom of great commercial value, but in some localities are largely 
used for building purposes. 

Limy Sands are those containing limestone or other compounds 
of lime. They are partially fusible, as the lime and silica combine, 
when heated, to form a fusible silicate, but if such sands are heated 
they do not melt completely. On the contrary, an apparently 
unaltered mass remains on heating the sand to the highest tempera- 
tures in a gas-heated furnace, but if the heated mass is allowed 
desopool it falls to pieces at a touch, producing a mass of fused and 



Km. 0. — Alderley red moulding sand, x 20. 
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unfused grains. Limy sands are best avoided for all industrial 

n oses.; their composition is usually variable and their behaviour 
ways uncertain. Their chief uso is in agriculture, where they 
lighten the soil and at the same time neutralise any acidity in it. 

Lithomarge is very similar to but less ferruginous than Bole 
(p. 84). It may bo regarded as a ferruginous sand compacted 
with day to form a soft stone. It is sometimes used as a source 
of iron, but is of little commercial valutas a sand. 

Loam is a term used to describe a light open soil consisting of 
sand, clay, and carbonaceous matter. Other terms such as “ sandy 
loam,” “ clayey loam,” “ calcareous loam,” are used to denote 
the predominating constituent. 

Broadly speaking, any sandy clay may be termed a loam, 
but when less than 20 per cent of day is present the term “ sandy 
loam ” is preferable. Sandy loams are of great value in iron 
foundries for casting purposes, bmms containing less sand are 
often of vdlue for brick-making, as some days are too plastic and 
w'ould shrink excessively if used alone. With sand, however, 
the shrinkage is reduced and good bricks can bo made. Highly 
sandy days are used in tin; manufacture of “ cutter ” and “ rubber ” 
bricks (see Vol. II. Chapter 1.). Some loams contain a largo pro- 
portion of gravel, and this is costly to separate. 

The term “ loam ” must not bo confused with one meaning 
of the German word “ lehtn ,” which signifies a product of the 
action of the weather on glacial drift and other rocks, forming 
a kind of loess (see below). 

The disintegration of Triassie rocks gives rise to a light sand 
or a somewhat stiff loam, whilst the Lias of Oxfordshire also forms 
a rich friable loam. Any rocks which yield a mixture of clay 
and sand on ex{>osure may be regarded as potential sources of 
loam. 

Artificial loams are often made in order to produco a material 
of definite composition and properties. They are made by grinding 
clay and sand in a suitable mill. 

Loess is a fino silty material sometimes erroneously termed 
“ clay,” but it neither puddles nor holds water like clay. It occurs 
in large deposits extending over large areas in America, Europe, 
and Adsia. 

Loess is found up to a height of 5000 ft. in the Carpathians, 
8000 ft. in Shansi (China), and probably higher farther west. In 
North China, according to Richthofen, it is 1500-2000 ft. thick. 
The adobe of North America- a similar material — is sometimes 
2000-3000 ft. thick. 

Loess consists of angular quartzose sand of a dirty yellow, 
brownish, grey, or black colour mixed with 10-30 per cent of silt 
and clayey matter, and, in some cases, with chalk, limestone, and 
carbonaceous material. 

Felspar, hornblende, and heavy minerals common to sands 
occur in variable and often considerable proportions, and mica 



126 


MARINE SANBS 


flakes are disseminated quite irregularly through the mass. The 
particles are chiefly angular in shape, and are intermediate in size 
between fine sand and clay. Its most distinctive characteristic 
is its behaviour when weathered, for, whilst sand and clay are 
worn down to gentle slopes, the loess stands in vertical faces which 
often present a roughly columnar appearance. Shovel marks and 
wheel tracks remain clearly defined for ^ears. 

The origin of these deposits is much disputed. It is probable 
that three different forces have taken part in the formation and 
that it is due to a combination of glacial, fluviatile, and aeolian 
actions. A loess-like material found in America and termed 
“ adobe ” (p. 79) appears to be of fluviatile origin, though it may 
partly bo of aeolian origin. The extraordinary uniformity of 
loess suggests that it is an aeolian deposit, especially as it usually 
occupies the high ground, whereas water-deposits are usually in 
valleys or hollows (lake -beds). A dry climate is essential to its 
formation. 


The loess occurring in the plains of China consists of a fine, 
soft, crumbling, calcareous silt of a yellowish or buff colour, formed 
probably by the accumulation of wind-borne dust produced as 
a result of the drying of pre-existing glacial mud. It is very 
homogeneous, sometimes stands up in walls several hundred* 
feet high, and is curiously resistant to weathering actions. It is 
probably held together to some extent by the many fine vertical 
tubes in it, formed by rootlets and lined with a calcium carbonate 
film. 

In Europe much of the loess consists largely of clay, the deposits 
on the Rhine containing only 18 per cent of sand and 16 per cent 
of chalk, the remainder being clay. Its composition, however, 
varies considerably. 

The occurrence of true loess in Great Britain has been denied ; 
in any case it can only occur in insignificant quantities. 

In Russia the loess (locally known as “ tchernozom ”) is of a 
similar nature to that of China, but, on account of the large pro- 
portion of organic matter, it is black. It is thought that the 
European deposits are chiefly the result of glacial action. 

Loess appears to be useless as an industrial material, and even 
agriculturally it is of variable value. 

Manganese 'Sands and Gravels are sometimes produced by the 
weathering and surface denudation of manganese ores, especially 
in Japan (see also Wad, p. 167). They sometimes form a source 
of manganese, but are not otherwise of great value. 

Marine Sand is the sand formed on the seashore, but the term 
is also applied to all sands originally deposited from sea-water. 
It is quite incorrect to suppose that all marine sands are salt, 
though those still in contact with sea-water are so. Marine sands 
are usually coarse, very variable in composition and in size of 
grain. Those derived from ancient sea-beaches are often con- 
solidated into sandstone and have to be crushed before use. Whilst 
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sands from existing seashores are of doubtful vplue — except for 
some bujlding purposes of a rough character — those derived from 
marine deposits of remote geological periods are often valuable 
on account of their uniformity, alike of grain, size, and composition. 
The Greensands, Bagshot sands, Thanet bods, and some of the 
Bunter and Keuper deposits are of marine origin. 

Metalliferous Sands and* Gravels are deposits containing a large 
proportion of particles of metallic i ft morals which have been 
concentrated by the action of water, which has removed the grains 
of lower specific gravity. This concentration of heavy minerals 
in sands is due to several causes : 

(i.) The normal current of a river tends to carry sand slowly 
along the bed towards the mouth of the river. 

(ii.) The incoming tide reverses the flow of water in the mouth 
of the river and causes the latter to deposit its suspended load, 
and also carries a considerable quantity of sand up the river. 

(iii.) Winds, either up or down stream, lift the dry sand from 
the surface of the beaches at low water. As the top layers of 
sand become dry, the lighter particles are blown away from the 
heavier sand. The heavy sand is also moved by the wind, but 
at a much slower rate. In this manner the heaviest grains are 
gradually concentrated, and in the course of hundreds of years 
large beds of heavy sands are produced. 

(iv.) The outgoing tide added to the flow of the river causes 
the sands to rush towards and out of the river's mouth. 

By these various means the sand is first carried down the river 
to the sea and is then driven up on the beaches by the tides and 
prevailing winds, after which the constant wash of the water 
carries the lighter particles ahead of the heavier ones, leaving 
the latter in thin bands and layers parallel to the. shore. Successive 
waves add fresh material and continually separate the lighter from 
the heavier minerals. The wind then continues the separation 
as described above. 

In some cases deposits of heavy detrital minerals may be 
produced by the decomposition in situ of metalliferous veins 
and rocks, followed by the removal of the lighter minerals by 
various denuding agencies, leaving the heavy minerals behind as 
a highly concentrated deposit of the particular mineral which 
predominates. 

The principal metals found in concentrated surface deposits 
are iron, gold, titanium, tin, tungsten, platinum, palladium, iridium, 
manganese, cobalt, zirconium, thorium, etc. For further informa- 
tion on these deposits see Placers, p. 133. 

Miocene Sands. -It is very doubtful whether any such sands' 
occur in this country (see p. 72). 

Moler is a sandy material somewhat resembling kieselguhr or 
diatomaoeous earth (p. 96), but it is less refractory and contains 
a considerable proportion of clay and volcanic ash, for which 
reason it is self-binding and can be made into bricks without any 
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other bond. It is found chiefly in Norway, and a typical analysis 
of this material as used by Moler Products, Ltd., is as follows : 


Silica (chiefly diatoms) 

. 66-9 

Ferric oxide 

. 6-9 

Alumina 

. 130 

Lime 

. 10 

Magnesia . . . . t . 

. 1-6 

Sulphuric anhydride . 

. 0-2 

Alkalies 

. 0-8 

Loss on ignition .... 

. 9-6 

1000 


It is chiefly used for the manufacture of insulating bricks, but 
these are more fusible than the ones made of purer kieselguhr. 

Monazite Sand is a sand containing a large proportion of the 
mineral monazite, which has recently become important as a source 
of thoria and ceria. It is chiefly found in sands along the sea- 
shore at Travancore, India, and is derived from the gneisses. The 
selective action by the waves on these sands (p. 127) has led to 
the local concentration of the monazite in large quantities. Near 
Cape Comorin at low tide the beach is often a glistening mass 
of rounded grains of yellow monazite. Monazite also occurs in 
association with the graphite of South Travancore and in pegmatites. 
In the graphite mine at Vellanad, sixteen miles north-east of Triv- 
andrum, monazite was found in a rock Ailing a fault crack. This 
rock is composed mainly of brownish crystals of monazite in a 
matrix of felspar with a little quartz. 

Monazite also occurs widely in the Tinevilly district in the 
oldor dunes, in the dry beds of the streams draining eastwards 
from the hills, and in the beach sands, where they have undergone 
slight concentration. It occurs in the streaks of black sand at 
Waltair and Bimlipatam, in similar streaks near the entrance 
to Chilka Lake in Orissa, and sparingly in concentrates from Idar 
Central. 

Large placers of monazite sand occur in South America, especially 
in Brazil, in the provinces of Bahia, Minas Geraes, Espirito Santo, 
Matto Grosso, and Goyaz. The Brazilian deposits are the most 
important, much of the sand containing 90 per cent of monazite 
and 4-7 per Cent of thoria. In the United States monazite is 
found in many localities. Thus in Idaho and Montana it occurs 
as an accessory mineral in granite and in the sands and gravels 
derived from pre-existing igneous rocks. Placer deposits, river 
and beach sands containing monazite, occur in various parts of 
^Indiana, South Dakota, Nevada, Utah, Washington, Wyoming, 
Colorado, Oregon, California, and New Mexico. The principal 
areas are in the South Mountain region of North Carolina, 
particularly near Mars Hill, Madison County, and in the adjoining 
parts of South Carolina and in the alluvial deposits along the 
streams from the great granite area around Centerville, Idaho. 
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In ’Idaho* monazite occurs in sands derived from the dis- 
integration of a light grey granite. In the Musselshell district 
the sands contain 31-55 per cent of monazite and 0*88-1 *85 per 

^Monazite sand occurs in various parts of Nigeria, in the Federated 
Malay States, and in the protected states of Kedah and Kelantan. 

Monazite sands are usiAlly black, due to the presence of largo 
proportions of magnetite and ilmenite ; # they are red when garnets 
are in excess, but where there is abundance of quartz or ealcito 
a grey sand is produced. The portions richest in monazite have 

a yellowish tinge. . , , 

The monazite in the sands or crushed rook is coneentratecl 
by washing in sluices in a similar manner to alluvial gold. The 
concentrated sand is then dried, and the magnetite and other 
ferruginous materials extracted electro-magnetically, the product 
containing 65-70 per cent monazite, 5-7 per cent of thoria, together 
with valuable proportions of zircon, garnet, rutile, corundum, etc. 

Monazite is essentially cerium orthophosphate, but it always 
contains other rare earths, including thorium, lanthanum, and 

ytt TabIe XIX., due to S. Johnstone, 1 shows the composition of 
various samples of monazite : 

Tablk XIX.- Analyses of Monazite 


Thorium oxide . 
Cerium oxide, I.an 
than urn oxide, etc, 
Yttrium oxide . 
Ferric oxide 
Alumina . 

Lime . 

Silica . . . 

Phosphoric acid 


HI 


600 
02 12 
0-80 
0-97 
010 
0-21 
0-75 
28-60 
0*38 




0 5 
01-40 

0 - 70 

1 - 5 
0-08 
0-30 
0 04 

28-40 
0 04 


t = 

fls 


6-49 
31-38 
3U 88 


1*4 

29-28 

0-20 


5 S 

If 

X - 
X 


10-29 
27-37 
30-13 
2 14 
0-81 

0 17 
0-41 

1 -03 
27 07 

0-20 


£ 

H 

10-22 
31-90 
28-00 
0-40 
1 -50 
0-17 
0-20 
0-90 
20 82 
0 40 


• c9 

&TZ 

w * 

H 

.1 

PelariH, 

Malay. 

id 

13 

5-00 

5 50 

8-38 

3 63 

30-72 

30-02 

31 40 
29-20 

25 - 40 ) 
32 72 / 

04-06 

2-74 

3 0 

2-00 

2-80 

2 4 

0-75 

o Hi 

0 04 

0-35 

0 05 

2-78 

0-07 

015 

0-10 

001 

0*17 

1 20 

0-82 

0 92 

108 

20-29 

29-92 

23-92 

27-87 

0-25 

0 44 

1-28 

0-62 


Monazite is generally found in small grains or monoclini 
crystals of a yellowish to brownish colour somewhat resell blip 
amber. Occasionally it is found in well-developed crystals one 
fourth to three-eighths of an inch in length, and more rarely i! 
crystals 2 in. or more in length. The more perfect crystals ar 
very small, seldom exceeding 5 mm. in length ; many are 01-0-2 mm 
and more frequently the crystals arc microscopic in dunensioi 
Some monazites contain very little thoria whilst others «mtai 
a large proportion up to 32 per cent ; yttrium and erbium oxida 
uranium oxide, zirconia, manganese oxide and t.tamum oxid 
may also be present. A typical monazite sand is shown m tig- 7. 


s present. A typical 

1 J, Soc. Chem. /nd., 1914, 3ft, 55. 
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Monazite hhs a resinous to vitreous lustre, and is translucent 

conchoidal to uneven 
fracture and a hard- 
ness of 5 on Mohs’ 
scale ; it can readily 
be scratched by felspar 
(hardness 6) or quartz 
(hardness 7) ; it has a 
high specific gravity 
(4-6-5 -3). 

Monazite is chiefly 
used as a source of 
thoria and ceria for the 
manufacture of incan- 
descent mantles. 1 
Monazite is also used 
as a source’ of cerium, 
lanthanum, and other 
rare metals which when 
alloyed with iron 
possess the property 
of emitting a flame of 
great brilliancy with 
little heat and smoke 
when scratched with steel. As the sparks produced readily ignite 
gases, tinder, alcohol -wicks, and explosives, these alloys are 
used commercially as substitutes for matches, etc., and in military 
signalling. 

Moulding Sand is that used for casting metal articles in foundries 
and other works. Particulars of the requirements and use of 
moulding sand will be found in Vol. II., Chapter VI. 

Table XX., due to Boswell, shows the geological position of 
the most important moulding sands in this country. 

Mud is a fine-textured fragmental material formed in water, 
usually by fluviatile action, and corresponds to the dust deposits 
formed on dry land, the only difference being that the former are 
wet and the latter dry. Muds are usually derived from fine 
fragmental material carried out into lakes or seas by river-action, 
sea-erosion, etc. They consist of minute particles of quartz, 
felspar, mica, and other minerals, together with a variable pro- 
portion of clay, organic matter, and calcium carbonate. Various 
minerals are sometimes present in sufficient quantity to give the 
muds a characteristic colour, such as the black and the blue muds 
of the Black Sea, which contain iron sulphide and bisulphide, 
precipitated from solution as a result of anaerobic bacterial 
action. 

1 A. von Wetebach patented the use of thoria for mantles in 1880 ; it 
was found later that the presence of 1 percent ceria gave a greater illuminating 
effect. 


to sub-transparent. It is brittle, with a 
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Table XX. — Distribution of Moulding Sands 


Geological 1’osiitlon. 


Locality. 


Recent- 

Glacial 

Doubtful age (pro- 
Glacial) 

Pliocene 

Eocene 

Cretaceous 

j .Jurassic 

| Trias .... 


I 

! 


Permian 

Carboniferous . 


Thames sand. 

Durham. 

Abergele ( 1 lenbiglishire); Barrow-in- Furness, Brass- 
} ington (Derby slim*) ; Parsley Hay (Derbyshire); 
Kibden (Stalls), etc. 

St. Allies, St. Krtb, Cornwall. 

! Bagshot Iwds of Southampton and Thanet beds of 
i Kent. 

I Upper Greensand at Haldou, Devon. 

Lower Greensand at Leighton Buzzard and Oxford. 

Kellaways beds at South Cave, Yorks; Up j Kir 
Estuarine beds at Huttons Ambo, Yorkshire. 

Keuper Waters! ones at Spital, Cheshire; Hunter 
Sands at Armthorpe, Bawtry. Burghwallis, Don- 
caster; Heck. Hensall, Snaith and Whitley 
Bridge in Yorkshire ; Hetnpshill. Leu ton, Mans- 
field, Nottingham; Sutton Junction and Worksop 
' in Nottinghamshire ; Ormskirk in Lancs ; Hun- 
| corn in Cheshire ; Birmingham in Warwickshire ; 
! Wolverhampton in Stalls ; Compton. Kidder- 
' minster, Stourbridge, Stourport, and Worn- 
bourne in Worcestershire ; and Belfast in 
Ireland. 

Lower yellow sands at Castleford and Pontefract, 
i Yorks. 

: Wolsinghum in Durham ; Huydon Bridge in North- 
umberland; Auchenheath, Drumcuvil, darn gad, 
darnkirk, and dlenboig in Lanarkshire; Kil- 
winning and Monkreddon in Ayrshire ; Bonny- 
bridge in Stirling; and (,'ookstown, Co. Tyrone. 


The proportion of mica is usually highe r in muds than in sandy 
rocks, since flakes of mica remain longer in susjtension than the 
more compact grains of quartz, and art; therefore carried farther 
from the shore. Felspar is also fairly common, and minute crystals 
of zircon and other rarer minerals also occur. 

Muds may also be regarded as extremely fine sands contaminated 
with clay. 

Oil Sands are those containing petroleum or* other volatile 
hydrocarbon oils which can be recovered by distillation. Extensive 
deposits occur along the banks of the River Athabasca around 
Fort McMurray in Alberta, Canada, and elsewhere. These deposits 
are analogous to the much better-known oil -shales in which the 
oil-forming matter is similarly associated with indurated clay. 

Oilstone Sand— made by crushing “ oilstone ”—is used for 
grinding the brass fittings of mathematical and optical instruments. 
The oilstone from which it is made is a fine-grained hone-stone 
obtained from the interior of Asia Minor, containing 70-75 per cent 
of silica, 20-25 per cent of calcium carbonate, and a little alumina. 
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A similar material is found in Charley Forest ; at Whittle* Hill ; 
Charnwood Forest, Leicestershire ; near Llyn Idwal in North 
Wales; and near Tavistock, Devonshire. Several varieties of 
oilstone are also obtained in the United States. 

Oldhaven and Blackheath Sands are merely of geological import- 
ance. They have no commercial value (p. 70). 

Oligocene Sands include various deposits of partially marine 
and partially lacustrine origiti, including the sands of the Hamstead, 
Osborne, Bern bridge, and Headon Hill beds of Hampshire and 
the Isle of Wight (p. 72). These sands are usually somewhat 
calcareous and of little commercial value, but in some localities 
they are fairly pure. 

The Headon Hill sands of the Isle of Wight are nearly pure 
white, and contain ferruginous particles together with associated 
beds of lignite. According to Boswell, these sands contain about 
97 per cent of silica, 1*9 per cent of alumina, and about 0-11 per 
cent of iron oxide, the impurities consisting chiefly of rutile, 
tourmaline, and staurolite, and other characteristic detrital minerals 
of the Bagshot formation. The sands are fairly uniform in texture, 
about 84 per cent being between 0 1 and 0-25 mm. diameter and 
nearly 4 per cent over 0*25 mm. diameter. There is also a notable 
proportion of “ clay,” usually amounting to about 2-5 per cent. 
The sand has been used for glass-making, but it is not at present 
worked. 

Oolite Sands, see Kellaivays Sands (p. 122) and Estuarine 
Sands (p. 102). 

Parting Sand is sand used in metal-casting to separate different 
parts of a mould ; thus, it is sprinkled on to the joints of the 
mould to prevent the sections from adhering to each other. The 
sand used for this purpose is generally of an inferior quality, the 
only essential feature being the absence of bond (see also Vol. II. 
Chapter VI.). 

Phosphate Sands consist chiefly of tri-calcium phosphate, and 
have been produced by the action of phosphoric acid of organic 
origin upon calcium carbonate. They are chiefly used as artificial 
manures. They occur in Belgium, in France on tho river Somme, 
in the United States, and elsewhere. In some cases, they are 
extremely fine in texture, much of the material passing readily 
through a 200-me8h sieve. Tri-calcium phosphate is only slightly 
soluble in water, and must be converted into a more soluble form, 
luoh as superphosphate, before it can be used as a manure. 

Pit Sand is a general name given to sands which are dug or 

2 named, as distinct from those which are dredged or obtained 
y other means. The term has little or nothing to do with the 
origin or mode of formation of the sand, and is only useful as 
* showing how the sand has been obtained. It has one advantage, 
however, in that a sand which is dredged from a river, lake, or sea 
/ is almost oertain to consist chiefly of round-grained particles, 

4 whereas a pit sand may (though not necessarily) consist of sharp .'!■ 
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grains. In some cases the term pit Rand is used to indicate a 
sharp-grained sand, though all pit sands are not “ sharp.” 

Placers are alluvial deposits of sand and gravel containing a 
large proportion of heavy detrital minerals, such as gold, platinum, 
tin ore, emeralds, rubies, sapphires, diamonds, etc. These alluvial 
deposits may be quite recent or very old ; they may occur in the 
bank or bed of a stream* or lake as an ancient or existing beach, 
or they may form terraces varying in afe from Pleistocene to Recent 
times. They may occur on or near the surface, or as deep leads , 
i.e. covered by recent beds of gravel, lava, or other volcanic rocks. 

In some places they occur as consolidated gravels or conglomerates, 
interbedaed with other rocks (see also under the names of the 
various metals and under Gem Sands and Gravels , p. 112). 

Plastering Sand is mixed with lime to form a line mortar or 
plaster used for tinishing interior walls or ceilings. The chemical 
composition is not of such great importance as the sharpness of 
the grains, though a white or silver sand is preferable to a darker- 
coloured one (sec also Y'ol. II. Chapter IY\). 

Platinum Placers are sand and gravel deposits containing 
platinum in association with iridium, rhodium, palladium, ruthenium, 
and osmium, as well as heavy minerals such as chromite, magnetite, 
ilmenite, and gold. The crude platinum occurs as water-worn 
fragments, nuggets being comparatively rare ; it occurs in many 
river and alluvial sands derived from igneous rocks, but usually 
in such minute quantities that it cannot be recovered at a profit. 

About 90 per cent of the world’s supply of platinum is obtained 
from Russia, on the slopes of the Ural Mountains, around Nischne 
Tagilsk and Mount Solovief, where the metal is derived from 
intrusive peridotites which have been disintegrated and the heavy 
minerals concentrated. In California, British Columbia; Brazil, 
Columbia, and Borneo, platinum is found in association with gold 
placers. Other deposits containing platinum occur at Fifield in ' 
New South Wales, in California and Oregon, in the United States, 
and in Alaska. Recently the sands of some of the rivers of Tasmania 
have been worked for platinum and iridium. 

The Russian deposits contain about 30-35 grms. per ton of a 
metal containing up to 76 per cent of pure platinum, 4 per cent 
of iridium, 2-3 per cent of osmium, 3-5 per cent of ruthenium, 
and 1-4 per cent of palladium, with less than 0 5 per cent of gold. 

Platinum is recovered from alluvial deposits by hand-sluicing 
or dredging. The methods used aro often very crude, so that only 
about one -third of the total metal present is obtained. 

Pleistocene Sands, see Glacial Sands (p. 1 15). 

Pliocene Sands .— 1 The occurrence and distribution of Pliocene ... 
sands have been described on p. 73. They are usually of a yellowish 
or reddish colour, the red sands at St. Erth in Cornwall containing, 
according to Boswell, about 86 per cent of silica, 5 29 per cent 
of alumina, and 2*74 per cent of iron oxides. The Belgian yellow 
sand has a similar composition. The iron oxide forms a thin 
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film over the surface of the grains of quartz. The sands of Cotnwall 
are a little more fusible than those of Belgium on account of the 
larger proportion of alkalies present. Heavy minerals, according 
to Boswell, are abundant, and consist chiefly of tourmaline, 
staurolite, andalusite, kyanite, rutile, topaz, zircon, ilmenite, 
magnetite, and limonitc. Mica is also present. The texture of 
these sands has been studied by Boswell, who found that the 
Cornish sands consist chieffy of grains between 01 and 0‘5 mm. 
diameter, though a considerable proportion of clay is sometimes 
present. The coarsest sands contain over 85 per cent of grains 
larger than 0*25 mm., whilst the finer sands may contain less 
than 40 per cent above this size. The Belgian sands are usually 
equivalent to coarse Cornwall sands. 

The proportion of clay is low in the Belgian and coarse Cornish 
sands, but Boswell has found that some of the fine Cornish sands 
contain nearly 14 per cent of clay. 

Pliocene sands are chiefly used for casting metals. 

Pocket Sands are deposits produced by the disintegration of 
the Mountain Limestone rocks of Derbyshire, North Staffordshire, 
and more rarely in North Wales and Ireland. They form pockets 
or “ swallow holes ” in the limostone, often of a deep cup-shape. 
The pockets vary considerably in size, some being merely small 
pipes, whilst others have an area of between 100 and 2(X) square 
yards, the form of the deposits being largely determined by the 
jointing of the limestone. Many of the deposits are of great depth ; 
near Friden the sands have been found to persist at a depth of 
over 200 ft. without showing any signs of this being the bottom 
of the deposit. The occurrence and distribution of pocket sands 
has already been fully described on p. 42. 

Tho sands vary from white to brown or red through various 
shades of grey, cream, and yellow. The pure white sands are 
quite low in iron. They consist chiefly of rounded grains, and are, 
therefore, of aqueous origin, though some angular grains also occur. 
Some of the sand has probably been carried to its present position 
by streams of water acting on the shales, sandstone, and grits 
on the higher ground, but the bulk of the deposits is most probably 
a residue left when the calcareous portion of the Carboniferous 
Limestono rocks was removed by solution. The residue collected 
into pockets and became mixed with debris from the overlying 
Millstone Grit. 

According to Boswell, the heavy detrital impurities present 
in the sands consist chiefly of anatase, apatite, eassiterite, epidote, 
rutile, spinel, staurolite, and zircon. Limonite occurs in the deposits 
at Abergele, and leucoxene and brookite are found at Oakmoor. 
The purest of these sands usually contain very little felspar and 
mica, but those of inferior quality are richer in these minerals, 
some being quite micaceous. A certain amount of clav also occurs 
associated with the sand. The purest deposits found by Boswell 
are at Abergele in Wales, where over 99 per cent of silica is present, 
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with only 0*54 per cent of alumina and 0 04 per cent of iron oxide. 
Some ot the Parsley Hay sand contains only 0 05 per cent of iron 
oxide, but it is accompanied by over 18 per cent of alumina. The 
Brassington sands contain nearly 7 per cent of alumina and about 
0*18 per cent of iron oxide. The high percentage of alumina 
in the Derbyshire deposits is due to the presence of a larger pro- 
portion of clay associated»with the Hand, some part of the deposits 
containing sufficient clay to render the^naterial plastic when wet. 

The texture of pocket sands is very variable on account of the 
mode of formation, though in some parts it, is fairly uniform, as 
at Abergele, where Boswell found about 78 per cent of the grains 
are between 0-25 and 0-5 mm. diameter, and 8-0 per cent of grains 
are between 0-5 and 01 mm. diameter. He found no material 
of the “ clay ” grade present, and nearly 98 per cent of the material 
may be classed as true sand. At Rhes-y-eae, in Flintshire, about 
85 j>er cent of true sand is present. 

The Derbyshire deposits are less uniform in texture, the best 
being at Brassington and Carsington, where, according to Boswell, 
60-70 per cent of the grains are between 0-25 and 0-5 mm. diameter, 
with about 2 per cent over 0-5 mm. diameter and under 15 per 
cent between the sizes of 01 and 0-25 mm. In other parts of 
Derbyshire, larger proportions of the liner grains occur, the sands 
at High Peak containing only about 21 ]>er cent of grains over 
0-25 mm. diameter. The proportion of “ clay ” present is con- 
siderably higher in Derbyshire than in Wales. The sands at 
Newhaven, Longcliffe, and Brassington usually contain less than 
10 per cent of “ clay,” but at Carsington over 18 per cent is present, 
and at High Peak over 26 per cent. The Staffordshire deposits 
at Ribden are also very rich in material of the “ clay ” grade, in 
one bed over 50 per cent being present. These sands contain from 
29-72 per cent of true sand. 

At Park Mine, near Askham- in-Furness (Lancs), pockets of 
sand occur in haematite in the Carboniferous Limestone. The 
pockets of haematite are oval in shape, and decrease rapidly in 
width as the depth increases. They vary in size, some of the 
larger pockets being about 480 ft. deep and 900 ft. in diameter. 
They contain an outer layer of haematite, inside which is a layer 
of reddish clay from 6 in. to 6 ft. in thickness, the central part 
of the pocket being filled with loose sand and fragments of a pale 
grey friable sandstone of different sizes. Ferruginous, micaceous, 
loamy, and clayey materials also occur in the sandstone. The 
amount of sand present varies in different pockets, the proportion 
increasing near the Red Sandstone area and decreasing towards 
the Silurian beds. 

The purest white pocket sands are generally employed for the 
hearths of open-hearth furnaces, and have also been suggested for 
glass-making. The grey sands (often termed Ganisler sands), 
which contain more clay, are used as ground ganister, and are 
mixed with crushed silica rock, or sometimes with the quartzite 
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pebbles found in the same deposits, and made into silica or semi- 
silica bricks. The yellow sands have been used for steel-casting. 

Pozzuolana is similar to trass, and consists of volcanic lavas 
which have been influenced by superheated steam and carbon 
dioxide in such a way that they have been reduced to a fine state 
of division. Pozzuolana also resembles clay which has been heated * 
to redness, but its composition is very variable. It is amorphous, 
though in some cases crystals of various igneous rocks occur in it. 

It derives its name from the town of Pozzuoli, near Naples, 
where it was first obtained by the Greeks and later by the Romans. 
Pozzuolana also occurs in the Auvergne Mountains, the Mountains 
du Vivarais, and in the Gulf of Lyons in France, at Teneriffe in the 
Canary Isles, and in the Azores. 

The analyses in Table XXI. show the composition of some 
types of pozzuolana. 

Table XXI. — Analyses of Pozzuolana 



silica. 

Alumina, j 

Lime. 

MngiieRlA. 

P.iUhIi 
and Sodn. 

Water. 

Homo (Stanger and 
Blount) 

58*58 

22 74 

406 

1*37 



Naples (Stinger and 
Blount) . . 

0318 

19-8 

5-68 

0-35 



Vesuvius (Thorpe) 

440 

10*6 29-5 

10-0 

tr. 

10 

2-5 

Vesuvius (Thorpe) 

46 0 

10-5 15*5 

10 0 

3 0 

4 0 

5 0 

Auvergne Mts. (Thorpe) 

47 0 

34-2 

8-2 

3-9 

2*6 

3-2 

Azores Islos (Chateau) 

54-7 

20*5 0-3 

2-2 

1-7 

2*2 

1H 


Pozzuolana, trass, etc., possess the property of forming a 
hydraulic cement when they are mixed with lime and are made 
into a paste with water, no heat being required as in the manufacture 
of Portland cement. This is due to the combination of the material 
with the water forming complex substances which harden on drying 
to form a strong mass. Pozzuolanas may be divided into (a) the 
direct products of volcanic action, such as true pozzuolana santorin 
(p. 166), tosm (p. 166), tetin y and trass (p. 166) ; (6) the decomposi- 
tion products of igneous rocks termed are.nes (p. 80) ; (c) artificial 
pozzuolanas. 

Artificial pozzuolana consists of burned clay, or blast-furnace# 
slag, These materials, when ground, possess properties similar 
to natural pozzuolana, though to a much smaller extent, lightly 
burned clay being much superior to slag in this respect. 

Pozzuolana is largely used in the preparation of cements, 
mortars, and concrete. 

Primary Sands are those which are formed by the direct dis- 
integration of igneous rocks, such as granite. They may contain 
grains of very diverse sizes, but where atmospheric agencies , have 
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acted* on them the sands are classified to some extent and are 
more uniform un grain size. Most commercial sands are of a 
secondary nature (see also p. 7). 

Pumice Saiid is not exactly a sand, but may be conveniently 
classed as such, as in many ways it does resemble other sands 
and is used for many purposes for which they are employed. 
Pumice 'consists of a volcanic glass which has been ejected in & 
spongy, viscous state from active volcanoes, and was afterwards 
subjected to a sudden cooling, which was too rapid to allow the 
glass to crystallise. It is very light and spongy, on account of 
its having contained a considerable amount of dissolved gases 
which were suddenly released on the solidification of the viscous 
mass. The vesicles are rounded or elongated, due to the flowing 
of the lava, and the structure is composed of thin partitions or 
threads on which the abrasive value of the material depends. 

Pumice occurs in many parts of the world in the vicinity of 
active and extinct volcanoes, but that used in this country is chiefly 
obtained from the Lipari Islands, north of Sicily. An inferior 
grade, alesmndrina , is used for smoothing oilcloth. A little is 
imported from Teneriffe. Pure white pumice dust occurs over 
wide areas in Nebraska, Kansas, California, Idaho, Utah, South 
Dakota, Wyoming, Oregon, Colorado, Oklahoma, and Iowa, the 
chief sources being in Harlan and Lincoln counties in Nebraska. 

Table XXII. gives typical analyses of two of the most important 
varieties of pumice. 


Table XXII. — Analyses of Pumice 1 



Milica. 

.. , l Ferric Oiiilc 

Alumina, Frriniw Ojiilr. 

l.ime. 


r.iUhii. 

Hi .la 

Um. 

Cape di Contain a, 
Lepari Isles 

73-70 

16-27 2-31 

0-05 

0-29 

0-73 

4-25 

1 -80 








Orleans, Nebraska ! 

I 

69 12 

17-04 

0-86 

0-24 

0-40 

1 •«» 

4-05 


The specific gravity of pumice is less than that of water, on 
account of its porous character, but the specific gravity of the 
powdered material is 2 -3-2 -4. , 

Pumice sand is produced by screening the natural material 
^and so separating the larger pieces, or by grinding the material 
'to powder. 

Pumice is used principally as an abrasive. Lumps of the 
inferior qualities are used for smoothing oilcloth, whilst the sand 
or powder is used in the manufacture of metal polishes and abrasive 
soaps. It has also been employed for polishing stones, glass, and 
ivory, and in a finely powdered state (called pounce) tor preparing 
parchment. Insulating bricks and fireproof ware of low specific 

1 Thorpe’s Dictionary. 
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gravity have also been made from pumice sand, as well as cements 
and cheap glass-ware. 

The presence of hard felspar crystals is detrimental to the 
value of pumice for polishing, as they cause scratches. 

Quartzites are rocks consisting of a mosaic of quartz crystals 
without any regular outlines, these grains being united by a cement 
of almost pure silica which has been vecrystallised or deposited 
in a colloidal state around t fce original crystals. In some quartzites 
the outlines of the original grains can be readily distinguished, 
but in others this is very difficult. When the cementation has 
boen sufficiently prolonged, the cemented grains fit so closely that 

they interfere and pre- 



vent the production of 
crystal faces. Fig. 8 
shows a typical quartz- 
ite viewed by means of 
polarised light. Pure 
quartzites are white, 
but others are coloured 
owing to the impurities 
present in the cement, 
or in the quartz of 
which they are com- 
posed. Iron is tho 
principal colouring 
agent, giving the rocks 
a brownish tint. The 
grey colour of Car- 
boniferous quartzites 
is due to the presence 
of finely divided car- 


Kw. 8.— Quartzite, x 2f>, (Crossed nieolg.) bonaceous matter. 

Chlorite and other im- 


purities may also impart their characteristic colours to the quartzite. 

The principal varieties of quartzite are: (1) Vein quartz, which 
is produced as a result of hydrothermal action, and forms coarse 
interlocking crystals with little or no cement ; (2) Conglomeratic 
quartzite, in which quartzite pebbles are cemented together by 
siliceous material ; (3) Quartz schist, a metamorphosed silica rock 
which, when examined microscopically between crossed nicols, 
shows bands and waves of colour due to distortion by pressure > 
and (4) Amorphous quartzites. 

The principal impurity found in quartzites is iron oxide, the 
greater proportion being in the ferrio state, though in some quartz- 
ites chalybite {ferrous carbonate) occurs. Various alumino- 
silicates may also be present, chiefly in the form of felspar, mica, 
kaolinite, or clay. Mica frequently occurs in foliated quartzites 
along the lines of foliation. Both potash and soda-lime felspars 
occur, and lime may also be present in the form of calcite, dolomite, 
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or calcium phosphate. A small quantity of hydrous sodium 
silicate sometimes occurs in association with the secondary silica 
cement, introduced probably by an alkaline solution, some of which 
was retained by the silica in the form of silicate of soda. 

Magnesia may occur as dolomite, or as ferro-magnesian silicate 
such as serpentine, this latter being very infrequent. Titanium 
occurs to a limited extent* sis rutile, brookite, or anatase, the first 
and third occurring in characteristic %eedle-like crystals, whilst 
brookite occurs in large flakes surrounded bv minute secondary 
crystals in the cementing silica. Where the proportion of titanium 
is high it is generally present in this form, having probably been 
deposited from solution simultaneously with the cementing silica. 
Zircon occurs in minute crystals, generally in negligible proportions. 

It is important to remember that, a small j»erccntage of alumina 
and certain other elements may represent a much larger proportion 
of impurity. Thus, 10 per cent of felspar would show only 1 *0 per 
cent of potash and 1*8 per cent of alumina, the remaining (>-6 per 
cent being silica, which is included in the total silica. Hence, 
a material appearing to contain only 34 per cent of impurities 
may actually contain 10 per cent. 

The principal quartzites in this country occur in the Meta- 
inorphic, Pre-Cambrian, Cambrian, Ordovician, and Carbonaceous 
rocks, whilst a very important source of quartzite on the Continent 
(Germany) is known as amorphous quartzite. 

M clamor phic quartzites have been used only to a small extent 
as sources of sand. Their texture varies considerably. At 
Kentallen they are quite coarse, the grains being up to 1-0 mm. 
diameter, whilst on the Isle of .Jura and Islay they average about 
0-2 mm. diameter. The proportion of iron is generally very low. 
Felspar and mica occur in varying proportions, veins of these 
minerals sometimes occurring along the joints, as at Glen Orohy. 
As a rule, the proportion of impurities is very low, the cement 
in most cases being completely siliceous. Many apparently 
excellent deposits of these rocks have not l)een worked as yet ; 
those which have been worked have been used chiefly for abrasive 
purposes. The rock from the Kentallen district is used for polishing 
and for soaps. The beds at Glen Orchy have been suggested as 
suitable for the manufacture of silica bricks, whilst the disintegrated 
quartzites on the beaches of Jura have been suggested for refractory 
purposes and glass manufacture. 

Pre- Cambrian quartzites are used to some extent as sources 
of sand. Their occurrence and distribution have been described 
on p. 39. 

The Anglesey quartzites arc pale grey in colour and fairly 
fine-grained, the grains varying in size, according to Boswell, 
from 0-05-4 mm. in diameter. The Holyhead quartzites are 
more uniform in texture, the grains averaging 0-2-0-3 mm. diameter. 
Felspar is almost absent, and only a small proportion of mica occurs, 
generally in the form of sericite. Iron oxide sometimes occurs in 
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the joints of the rock, causing stains. According to Boswell, the 
rock has the following composition : 


Silica 

. 99-32 per cent 

Alumina .... 

. 019 

Titanium oxide . 

. 0-03 

Ferric oxide 

. 0 02 „ 

Limo 

.r 0-12 „ 

Magnesia %. 

008 

PotaHh 


Soda 


Loss on ignition . 

! o-2i 


99-97 


The rock is generally very hard, but at Holyhead the quartzite 
is sheared in places and is termed “ soft rock ” ; it is readily ground 
up and used for ganister. Tho hard, massive quartzite is used for 
the manufacture of silica bricks. Silver or silica sand is also 
prepared for use in steel-casting, whilst the fine dust from the 
crushers is collected and sold as “ silica flour,” for painting steel 
ingot moulds and castings, and also for polishing -powders and 
scouring-soap. 

The vein quartz at Sliove More, Achill Island, contains about 
99 per cent of silica and 0 04 per cent of iron oxide. Boswell 
found that the principal impurities, which amount to about 01 per 
cent, are metallic iron, green mica, and haematite. The crushed 
rock varies considerably in texture, some samples containing over 
85 per cent of grains between 0-25 and 0-5 mm. diameter, whilst 
others contain over 50 per cent of grains larger than 0-5 mm. 
diameter and 40 per cent or more between 0-25 and 0-5 mm. 
diameter. Some portions are extremely fine, and contain from 
43-99 per cent of material finer than 0 01 mm. diameter, so that 
they belong to the “ clay ” grade. The total amount of true 
sand present in the best qualities is about 98 per cent, whilst in 
other parts of the deposit the proportion of true sand may vary 
from practically nil to 63 per cent. The sand is chiefly used in 
the manufacture of soaps. 

The “ sand ” at Muckish Mountain, Co. Donegal (Ireland), 
is derived from the disintegration of a Pre-Cambrian ‘quartzite 
of the Dalradlan formation. The rock is found in all stages of 
decomposition. In some parts it consists of a crumbly sandstone 
which is easily crushed between the fingers ; a large quantity 
of sand is also present, though the main portion of the deposit 
consists of soft rock containing, according to Boswell, about 
99-5 per cent of silica and about 0 02 per cent of iron oxide. In 
some parts of the bed the amount of iron oxide is very small 
(0*009 per cent), whilst in others it rises to nearly 0*03 per cent. 
There are very few impurities present, zircon being practically 
the only heavy mineral impurity. 

The texture varies considerably in different parts of the bed, 



QUARTZITES 141 

but Boswell found an average of about 70-74 per cent of grains 
between0-25 and 0-5 mm. diameter, and up to 22 per cent either 
over 0-5 mm. diameter or less than 0-25 mm. diameter. Up to 
2*5 per cent of grains over 1 mm. diameter may occur. The 
proportion of “ clay ” present is generally very small, and seldom 
exceeds 1-5 per cent. The proportion of true sand varies from 
95-99 per writ. This material has been suggested as suitable 
for glass-making, much of the deposit hieing suitable for the best 
optical glass. 

Cambrian quartzites are largely used as sources of sand in South 
Staffordshire and Warwickshire. Their occurrence and distribu- 
tion have been described on p. 40. The two principal Cambrian 
quartzites are the lackey quartzite and the Hurtshill quartzite. 

The Lickey quartzite, consists of a very pale grey rock, stained 
in places by iron. * The cement is siliceous, and clay, felspar, and 
mica occur in the rock, the sericitic form of mica being fairly 
common, tkune cherty matter is also present. The material is 
used chiefly as road-stone and for the manufacture of silica bricks. 
Some is also crushed and used as ground ganister. It has also lx*en 
suggested as suitable for the hearths of the ojxm-hearth furnaces. 

The Uartshill quartzite consists of a hard grey rock with a pinkish 
tinge, consisting, according to H. S. Bell, of 9445 per cent of silica, 
2-55 per cent of alumina, 0-77 per cent of alkalies, and 0*86 fK*r cent 
of iron oxide. In some parts of the? lieds the proportion of felspar 
is rather high. The cement is chiefly siliceous, but some clay 
also occurs. The grains are somewhat irregular in size, but average 
about 0-3 mm. diameter. The rock has only been used as a road- 
stone, but some parts may be suitable for the manufacture of 
silica bricks. 

Ordovician quartzites are chiefly found in Shropshire, under 
the name of Stiperstone quartzites. Their occurrence and distribu- 
tion have been described on p. 40. They are of a greyish colour 
with sometimes a greenish tinge, and associated with carbonaceous 
streaks which penetrate the rock irregularly. This quartzite 
contains, according to Boswell, about 96 per cent of silica, 2 24 per 
cent of alumina, and 0 06 per cent of iron oxide. It is of ratlier 
irregular texture, the size of the grains varying from about 0*2 mm. 
at Nill's Hill to 0-3 or 0 4 mm. at Granham’s Moor. It is cemented 
chiefly by a siliceous cement, though in places ft is somewhat 
argillaceous. The proportion of felspar and mica varies, but is 
lowest at Granham’s Moor. The grains are fairly angular in most 
parts, though some are sub-angular. The rock is chiefly used in 
the manufacture of refractory bricks, and for road-stone. Silica 
flour is also produced by grinding it to a fine powder. It has 
also been suggested by Boswell that the Stiperstone quartzites 
might be useful for the manufacture of glass. 

Carboniferous qmrtzites . — True quartzites generally occur in 
the Ordovician and older formations, but some of the beds of the 
Millstone Grit in Wales approach very closely to true quartzites. 
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They occur chiefly in the Basal Grit of the Millstone Grit Series 
of South Wales, though some parts of the Cefn-y-fedw sandstone 
of North Wales (p. 4(>) might also be classed as a quartzite. 

The Millstone Grit rocks of South Wales consist very largely 
of quartzites, much of the rock having been hardened by the 
intense silicitication. In some places, however, the quartz cement 
is absent, and the material forms either a soft, loose sandstone 
or an incoherent sand or gftivel. The best qualities of rock consist 
of a tine-grained, bluish-white quartzite containing practically no 
felspathic matter. 

At Hirwaun the rock is pale grey in colour, and consists of 
grains about 0-2 mm. diameter, associated with grains of chert, 
quartzite, etc., and a little plagioclase felspar. The loose rock 
and sand are of a similar nature. 

At Penwyllt, Neath, the rock consists of particles up to 0-4 mm. 
diameter, and there is also a rock known locally as “ spar,” which 
contains pebbles up to J-in. in diameter. 

At Bynea, Llanelly, the rock is extremely fine-grained, the 
particles being chiefly between 0 03 and 0-05 mm. diameter; whilst 
at Mynydd-y-Gareg a moderate proportion of micaceous matter 
occurs in the interstices between the grains of quartz. In other 
parts of the Kidwelly district the rock is somewhat coarser, contain- 
ing particles up to 0*3 mm. diameter and some felspathic matter. 

The Brynamman beds consist chiefly of white or pale grey 
sand, composed of grains between 0-1 and 015 mm. diameter. 
Some of the beds are composed of a pale grey or pinkish sandstone, 
cemented by siliceous matter and clay, and containing some 
felspar, whilst an adjacent very line-grained bed consists of particles 
about 0 05 mm. diameter. 

The Upper Cwmtwreh rock is very pure, being very pale grey, 
and containing no felspar or mica and only a little interstitial 
impurity. The softer beds are somewhat coarse, and consist chiefly 
of grains 0-4 to 0-5 mm. diameter and containing some clay. 

A very fine bed locally termed “ blue stone ’’ is somewhat 
micaceous. The silica rock at Llandybie is very similar to the 
Cwmtwreh rock, only a very small proportion of felspar and mica 
being present. 

In Glamorganshire, the Basal Grit is very similar to the corre- 
sponding bed& of Carmarthenshire. The famous Dinas rock of 
the Vale of Neath* is a very pure quartzite containing only about 
0-5 per cent each of lime and iron oxide, and about 2 per cent of 
alumina. It is yellow or grey with a pale bluish tinge, is semi- 
transparent at the edges when carefully observed, and possesses 
many of the characteristics of crystalline silica (quartz). It con- 
sists chiefly of grains about 0-2 mm. diameter, and is associated 
with chert, clay, and some mica, derived from the decomposition 
of felspar. The Dinas material occurs both as rock and as sand 
with thin veins of clay, each form being of equal value for silica 
bricks and apparently "consisting of the same material. 
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In 'Pembrokeshire the quartzite is moderately fine-grained, and 
of a greyish colour spotted with iron compounds. Heavy detrital 
minerals are especially abundant. 

The South Wales quartzites are used largely for the manu- 
facture of silica bricks, ganister mixtures, steel-moulders’ com- 
position, paint, etc. The sand is used for the same purposes, for 
lining open-hearth furnace*, and for silica cement. 

Amorphous quartzites are soinetimej^used in Germany as sources 
of sand for the manufacture of silica bricks. They do not occur 
in this country, but in Ormanv they are represented by Findliiujs 
quartzites or Erratic Block quartzites , which consist of fresh-water 
deposits of Tertiary origin belonging to the jjeruxl during which 
lignite was formed. Under the microscope the grains of quartz 
are seen to lx 1 verj small, with rounded edges, and are distributed 
uniformly through an amorphous mass of what Wernicke terms 
“ basal cement.” lienee the term ” amorphous quartzites.” Their 
origin is quite different from that of other quartzites, as they apjx'ar 
to have been formed of minute grains of sand cemented together 
bv a siliceous jelly which gradually hardened and formed a siliceous 
cement. The chief accessory minerals in these quartzites are 
zircon and tourmaline. Rutile and muscovite, which are found 
in almost all other quartzites, are not found in these erratic quartzites. 
They have some resemblance to ganister, but the grains of silica 
in the latter are larger. When crushed, the rock breaks into very 
minute crystals, so that the ex|>ense of fine grinding is rendered 
unnecessary. They also have the advantage that, when heated, 
they attain their maximum expansion after very few hours, and in 
this way are in marked contrast to other quartzites. . On repeated 
heatings they do not expand appreciably, hence their great value 
as a refractory material. 

They are chiefly used for the manufacture of silica bricks for 
electric and other 'metallurgical furnaces, where the requirements 
are very stringent. 

Although the name Kindlings quartzite implies that this material 
is found in small isolated masses, it also occurs in massive form ; 
the latter is the one most largely used for silica bricks. 

Quicksand is a sand consisting of highly rounded grains produced 
by the long-continued action of water. It is readily distinguished 
by its very small rounded grains. If piled it continually runs 
down, thus making a very flat pile. Owing to the roundness of 
the particles it cannot be cut when in a pile as can angular sand. 
This type of sand is useful for hour-glasses and other apparatus 
where a highly rounded sand is required, but it is useless for building 
and similar purposes. 

Recent Sands are those which have been produced within 
comparatively recent times, and include fluviatile, estuarine and 
deltaic deposits generally, as well as deposits produced by aeolian, 
volcanic, and organic and chemical actions (see also p. 7fi). 

Red Sands usually owe their colour to the presence of haematite, 
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which gives various tints from a deep blood-red to* a pale flesh 
colour. The brown colour due to limonite is usually associated 
to some extent with the red colour of the haematite, thus giving 
a modified red tending towards brown. The red colour of Triassic, 
Permian, Devonian, and other rocks, and the purple colour of some 
sands tones, are due to the presence of ferric oxide, and the dull 
brown or yellow colour to ferric hydroxide. 

The blotching and varfegation of colour in sand-beds is due 
partly to irregular distribution of the iron compounds, and partly 
to the differences in their hydration and reduction by organic matter, 
and the removal of iron from some parts of the beds by carbonated 
water. 

Many sands are pale in colour in the natural state, yet become 
red when calcined (see Red-burning Sands, below). 

Red-burning Sands are so named from their colour after they 
have been heated to a fairly high temperature ; this colour is due 
to tho presence of iron compounds, which, on heating, are decomposed 
and oxidised, forming red ferric oxide, which gives the characteristic 
colour to the material. The colour is not entirely dependent on 
tho proportion of iron present, but on the presence of lime (which 
reduces the colour by forming a white compound), the size of the 
grains of the iron -bearing mineral, and the extent to which it i# 
disseminated through the sand. Thus, if the iron occurs in 
relatively large particles more or less concentrated in some parts 
of the sand, it may not colour the sand to a very great extent ; 
but if it consists of very fine grains, evenly disseminated through 
the material, the colour may be much more pronounced, even 
though a smaller total proportion of iron is present. 

Red -burning sands are generally less refractory than paler 
*ones, and consequently can only be used where resistance to heat 
is not so important. They are of no use where the colour of the 
sand is especially important, or where it might spoil the product, 
as in glass manufacture, and are consequently used for inferior 
purposes. The very red sands are only suitable for building 
purposes, concrete-making, etc., but the better qualities may be 
employed for facing bricks and tiles, dark glass-ware, foundry 
casting, steel -casting, etc. (see also Red Sands , p. 143). 

Refractory Sands is a general term, including all sands which 
can be used in furnace or other situations where a high temperature 
is attained. There is no generally recognised standard of heat 
resistance in this country, but, by many users, materials are not 
considered refractory unless they will withstand heating steadily 
to a temperature of 1580° C. (Cone 26) in an oxidising atmosphere, 
without showing any signs of fusion. This test is only of limited 
value, because in actual practice other influences must be taken 
into consideration, such as the action of the furnace-gases, the 
influence of slags and of sudden changes in temperature ; a sand 
is therefore not usually considered to be refractory unless it will 
withstand the conditions obtaining in commercial furnaces. As 
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these are seldom defined in detail, only actual trial will show 
whether, a sand is sufficiently refractory for use in any particular 
case. 

In the broad sense, the word “ refractory ” is used to denote 
(i.) resistance to any temj>erature to which a material is likely 
to be exposed ; (ii.) resistance to an)' pressure likely to be put on 
it by adjacent masonry, »r by the contents of the furnace ; (iii.) 
resistance to the cutting and abrasive* action of flame, flue-dust, 
and any other materials with which it may come in contact, 
including accidental blows from a poker or elinkering iron ; (iv.) 
resistance to such sudden changes in temperature as are unavoid- 
able in ordinary furnace practice ; and (v.) uniform expansion or 
contraction within reasonable limits. 

Few refractory sands fulfil all these requirements under very 
severe conditions,* and the user must, therefore, decide to what 
extent he will forego some of the (to him) less important require- 
ments. TV) a very large extent this method of “ compromise M 
depends on local circumstances for success, and without full details 
no satisfactory guidance can be given. It must also be remembered 
that the skilful use of the materials and the construction of the 
furnace also play an important part in the lasting qualities of 
%he sand. 

The chemical composition of the refractory sand must be 
adapted to the reactions which occur when it is used. Most natural, 
refractory sands are siliceous, and so can only be used where the 
reactions occurring in the furnace, or location where they are used, 
do not have any adverse effect on the material. Some other natural 
sands, such as zircon sands, etc., may be used in sjjccial cases. 
Various artificial sands, such as carborundum fire-sand (p. 86), 
may also be employed as refractory sands. Mixtures of sands may 
sometimes be employed in preference to single ones. 

In selecting a refractory sand for any particular purpose, it 
must always be remem Ijered that the substances with which the 
material comes into contact when heated will play an important 
part in the resistance it offers to heat. Thus, a siliceous (acid) 
sand will be destroyed rapidly if heated in contact with a base, 
such as lime. The two will react with each other to form a fresh 
compound which is much less heat-resisting than either the acid 
or the base taken separately. Similarly, a basic* sand, such as 
zircon sand, will be attacked if brought into contact with an acid 
material at a high temperature, a fusible compound being formed 
which will rapidly destroy the furnace and the sand. 

Hence, refractory sands may be divided into three classes : 

(а) Acid sands, including all sands rich in silica and siliceou 
materials. 

(б) Neutral sands, including carborundum fire-sand. 

(c) Basic sands, such as zirconia sand, powdered magnesia, etc. 

Acid sands, in order to be refractory, must consist almost wholl; 
of pure silica. The presence of small quantities of other mineral* 
VOL. I & 
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such as felspar, mica, etc., which introduce small percentages of 
lime, magnesia, potash, soda, or iron into the mixture, seriously 
reduce the refractoriness, and so render the sand useless for high- 
temperature work. The proportion of heavy detrital minerals 
may be quite small, yet may seriously impair the value of the 
sand unless it is specially treated in order to remove these 
undesirable constituents. Lamellar spangles of mica are more 
deleterious to the refractoriness of sand than are irregular grains 
of felspar. Similarly, the presence of siliceous materials in a 
basic refractory sand is deleterious, Further particulars on the 
use and requirements of refractory sands will be found in Vol. II. 
Chapter VII. 

Residual Sands are variously defined as : (a) those which have 
been left behind at the place where they were originally formed 
by tho decomposition or disintegration of some rock ; (b) those 
which have been left when a mixture of materials has been subjected 
to some denuding action, whereby part .of the deposit has been 
removed and carried away, whilst the rest has remained behind ; 
k and sometimes as {c) those which have been collected by glacial 
agency. 

Residual sands in group (a) include all primary sands (p. 130), 
as these have been formed in this manner. In group ( b ) anr 
included deposits which have been left behind by the disintegration 
of sedimentary rocks, such as the pocket sands of Derbyshire, 
Staffordshire, and Wales (p. 134). Residual sands of the (b) type 
may sometimes consist of a concentrated mass of some material 
which was too heavy, or in some other wav too difficult, to be carried 
away by the particular denuding action which was acting on the 
material. Section (c) sands are residual in the sense that they 
have been left behind when the ice which collected and transported 
*them was melted. 

On account of their mode of formation, residual sands may 
be either very pure or very impure. They are generally very 
variable in composition, as there has been little or no classifying 
action, so that they consist of an irregular conglomeration of coarse 
and fino particles of all the materials of which the original rock 
was composed, except those constituents which may be soluble 
and have previously been removed. The purest residual sands 
are those in section (6), in which, in a certain sense, most sands 
may be included. 

Rottenstone is a soft, porous, friable rock resulting from the 
decomposition of impure siliceous limestones. By the percolation 
of water, containing carbon-dioxide in solution, through the rock, 
most or all of the lime is removed, leaving a siliceous skeleton and 
any other impurities which may not be soluble. 

The sources of rottenstone have previously been described 
(p. 44). 

The composition of the stone depends on the rock from which 
it was formed. The following analyses, due to Dr. Pollard, show 
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the composition of two varieties of Welsh rottenstone, A being 
,6f best quality, while B is inferior : 


Silica .... 
Titanium oxide 
Alumina 
Ferric oxide . 

Lime .... 
Magnesia 
Carbon-dioxide 
Phosphoric acid 
Ferrous sulphate . 

Soda .... 
Potash .... 
Water and organic matter 


A. 

II. 

80*82 

70 87 

0-20 

o-r>r» 

r>s2 

9-78 

3-79 

4-01 

1-43 

I no 

0-88 

I :i2 


0*27 

Mill 

1 •39 

oil 

O*f)0 

1 ,»o 

2 43 

4 00 

0*80 


The precise composition is, however, of less importance than the 
angularity and minuteness of the grains and the freedom from hard 
crystals of felspar, etc. At the* same time, it should Ik* notes! that 
some of the best qualities of rottenstone in Wales contain minute 
grains of crystalline silica. 

Rottenstone is chiefly used as an abrasive*, the rock )>cing 
washed and ground. It is used in the form of powders and polishes 
for polishing metals, marble, etc. Tripoli is sometimes erroneously 
termed rottenstone. 

River Sands are described under Fluriatilr Samis (p. 104). 

Sand Scale is a deposit of calcium carbonate* formed during 
the evaporation of brine in the manufacture of salt. It is not a 
true sand, and its name is misleading. 

Sandstones (Fig. 9) consist chiefly of an aggregate of quartz 
grains, cemented by siliceous 
material formed either by sedi- 
mentation in rivers, lakes, or 
seas, or by the accumulation of 
wind-borne detritus, which is later 
consolidated bv the entrance of 
some cementing medium. Some- 
times other than siliceous material 
is present in the cement and gives 
the name to the sandstone, e.g. 
ferruginous or calcareous sand- 
stones. In other cases the stone 
is named after the predominating 
mineral impurity, as micaceous 
and felspathic sandstones. Sand- 
stones are generally somewhat Flu. 9. — Micro-structure of sandstone, 
friable (breaking with uneven 

fracture), porous, and liable to be stained by the intrusion of 
impurities in solution. 

The principal impurities in sandstones are felspar and mica, 
but other minerals may be present, such as chlorite, clayey matter, 
c&icite, iron oxides, garnet, tourmaline, zircon, epidote, rutile. 
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anatase, etc. In Kentish rag, Spilsby sandstone; etc., calcitf 
occurs in large crystalline masses. 

The grey colour of sandstones is due to fragments of shale, 
etc., or to the presence of ferrous carbonate, finely divided iron 
pyrites, and, in exceptional cases, to iron phosphate. 

Sandstones may be divided into several classes: (i.) Grits; 
(ii.) Sand rocks; (iii.) Freestone; and (iV.) Greywackes. 

Grits are coarse-grained^andstones. 

Sand rocks are loose, friable sandstones. 

Freestone is a sandstone (though sometimes the term is also 
applied to limestone) which can be cut into blocks in any direction 
without a marked tendency to split in any one plane more than 
' in another. It occurs in beds, but is not divided into laminae, as 
are most sandstones. 

Greywackes are rocks consisting of a compact mass of rounded 
or subangular grains of quartz, felspar, slate, or other minerals 
or rocks, cemented by a siliceous, felspathic, calcareoils, or other 
cement. Their colour varies from grey, through brown, to black, 
especially where much carbonaceous matter is present. Some 
greywackes are pale green or purple in colour. The texture varies 
from a coarse grit to a fine stone. It is sometimes very fine-grained, 
and is almost exactly like some igneous rocks ; in fact, it is often 
composed mainly of granite debris, quartz -porphyry, or other fel- 
spathic rocks. 

Many Palaeozoic and Lower Mesozoic sandstones are greywackes, 
and appear to have been formed by the accumulation of grains 
of igneous rocks, so much so that it is sometimes difficult to distin- 
guish them from igneous rocks. 

Gaize is a sandstone in which the matrix is free silica (soluble 
in a boiling solution of potash) which has been precipitated as 
impalpable white powder of low specific gravity. It is an import- 
ant constituent of the Upper Greensand of England and France, 
sometimes up to 40-70 per cent being present, e.g. in the Famham 
and Merstham firestones. 

Sandstones which are suitable sources of sand for various 
purposes occur in most formations above the Devonian or Old 
Ked Sandstone Series. 

Carboniferous sandstones are largely used as sources of sand for 
the iron and steel industries and for the manufacture of refractory 
bricks. They occur irregularly in each of the great divisions of 
the Carboniferous rocks, their geological distribution being described 
on p. 42. Among the most important of these sandstones are 
the ganisters (p. 104), which are noted for their high resistance 
to heat. 

In the Carboniferous limestone Series in North Yorkshire are 
several commercially useful deposits of sandstones. At Wensley, 
Yorks (p. 44), a bed of white sandstone consisting of grains about 
0*1 mm. diameter, cemented by siliceous matter with practically 
no impurities, lies below the pencil -ganis ter, and is worked for 
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silica bricks. * The lower part of what is called the Nattrass Gill 
ganister at Gold Hill, Wearhead, is not a ganistor at all, but a palo 
grey sandstone consisting of grains between 01 and 015 min. 
diameter, cemented by a siliceous cement containing some material 
derived from decomposed felspar. In places it is somewhat iron- 
stained. 

In Durham, the Brigg Hazel rock of Lanehead, Weardale, and 
Harperley (p. 44) consists of a fine-grained whitish or greyish 
sandstone with grains up to 0*2 mm. diameter, cemented by a small 
amount of siliceous matter with some quantity of heavy detrital 
minerals. A little chert and felspar occurs at Harjierloy, whilst 
mica occurs in the Lanehead rock. The dark grey or blue lower 
beds at Harjx*rley are not so valuable, being generally rejected in ' 
favour of the lietter quality material. The Harjierley rock is 
rather inferior as a refractory material to that, at Lanehead ; it is 
entirely used for the manufacture of silica bricks. The Lunedale 
rock is a hind, fine-grained sandstone with grains up to 0-2 mm. 
diameter, and containing some decomposed felspar and chert, as 
well as titanium minerals and ferruginous matter. 

The Aid Crag silica rock of Northumberland is a buff -coloured, 
soft micaceous sandstone containing about 1)7 per cent of silica. 
The purest rocks are nearly white and are almost free from im- 
purities, but most of the best contain mica and some (lay, as well 
as ferruginous matter. They an; generally fairly coarse-grained, 
the particles being generally about 0-3-04 mm. diameter. This 
rock is not much used as a source of sand, but blocks of it are used 
for furnace work. 

The Carboniferous Limestone* “ Hand ” worked at Waen, near’ 
Mold (p. 44) in North Wales, consists of a soft, white sandstone. 
It is readily crushed, and is quite pure, containing, according to 
Boswell, about 1)9 per cent of silica and only about 0-024 jxt cent 
Of iron oxide, so that it has practically no iron stains. It is vefy 
uniform in texture, the main portion of the materia] l>eing of 
grains between 0-25 and 0-5 mm. diameter. There is also about 
12 per cent of grains less than 0-25 mm. diameter and up to 10 per 
cent of grains over 0-5 mm. diameter. Much of the finest material 
can readily be removed by washing. There is very little heavy 
detrital material present in the material, that which does occur 
Consisting chiefly of ilmenite partly converted into leueoxene, 
anataso, tourmaline, zircon, and rutile. Some decomposed felspar 
also occurs. This “ sand ” is principally used for the manufac- 
ture of soap, and has been suggested as suitable for glass-making 
and various refractory purposes, such as linings of oj>en-hearth 
furnaces. 

The sand at Minera (p. 47), which belongs to the same forma- 
tion, is rather coarser and less uniform in texture. In a sample 
examined by Boswell about 17-18 per cent of grains were over 
1 mm. diameter, and a total of nearly 50 per cent exceeded 0*5 mm., 
&8 distinct from less than 10 per cent in the case of the Mold 
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deposits. The colour of the sands in this district is whitish, turning 
grey on heating. 

The sandstones occurring in the Carboniferous Limestone rocks 
of Scotland are generally white or pale grey in colour and fairly 
fine-grained. The proportion of interstitial matter varies con- 
siderably, and mica is also present in varying amounts. Ferrugin- 
ous and carbonaceous matter is generally present in moderate 
proportions, and the beds ntay be locally iron-stained. 

The Scottish Carboniferous Limestone series includes some of 
the “ Rotten rocks ” — so called on account of the decomposition of 
the felspar in them forming mica, silica, and kaolin. The alkalies 
have been partially removed, so that the rocks are fairly refractory. 
They also contain a notable proportion of hydrated iron oxide. 
They are usually fairly coarse ; according to Bqswell, the Auchen- 
heath rock (p. 45) contains 25*7 per cent of grains over 1 mm. 
diameter and 69*1 per cent between 0*1 and 1 mm. diameter. They 
vary in colour from white to yellowish or pale brown. 

At Caldwell (p. 45) sand is derived from a soft sandstone which 
has been partially decomposed and is, consequently, easily reduced 
to powder. The material varies from a cream to a reddish-brown 
colour, the percentage of iron oxide being, according to Boswell, 
0*04. The silica is rather low, being only about 94 per cent, whilst 
alumina occurs to the extent of about 4 per cent. Nearly 0*1 per 
cent of heavy detrital minerals occur, the chief being garnet, 
tourmaline, limonite, ilnienite, zircon, rutile, and epidote. Muscov- 
ite mica flakes also occur. Boswell found that the texture of this 
material is fairly coarse, about 83 per cent of the grains being 
between 0*25 and 0*5 mm. diameter and up to G per cent over 
0*5 mm. diameter, whilst up to 5 per cent of “ clay ” is present. 
The total amount of true sand in the unwashed material is about 
94 per cent, whilst in the washed product over 99 j>er cent is present. 
This sand is chiefly used as a refractory material, though it has 
been worked for glass -making. 

At Kilwinning (p. 45) a soft white sandstone containing nearly 
99 per cent of silica and only 0*02-0*03 per cent of iron oxide occurs 
in a bed over 20 ft. in thickness. It is low in alumina, containing 
only about 0*5 per cent. Boswell found very little impurity present, 
tho amount of heavy minerals being only about 0*02 per cent, 
and consisting chiefly of ilpienite, leucoxene, limonite, muscovite, 
tourmaline, sillimanite, rutile, and zircon. The natural material 
contains rather a large range of sizes of grain, a little over half 
occurring between 0*25 and 0*5 mm. diameter. About 30 per cent 
of the grains are between 0*5 and 1 mm. diameter, and up to 14 
per cent are over 1*0 mm. diameter. After washing, the quality 
is improved considerably. 

At Plean, near Stirling, the texture of the stone is more uniform ; 
in a sample examined by Boswell, about 80 per cent of the material 
consisted of grains between 0*25 and 0*5 mm. diameter. The 
colour of this rock is slightly greyer than that at Kilwinning. The 
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Plcan rock contains rather more “ clay,” up to 4-5 ])er cent being 
present. 

Similar rocks occur at Cowie, near Stirling, Kingseavil, near 
Linlithgow, Glenboig, and Hailes, near Edinburgh (p. 45). They 
vary in colour from grey to a brownish colour, the proportion of 
iron in most cases being quite low. 

The sandstones of the f'aleiferous Sandstone Series of Scotland 
consist chiefly of fine-grained and generally buff-coloured stone, 
consisting of particles of silica associated with micaceous and 
felspathic matter, and some carbonates with ferruginous matter as 
a cementing medium. Some of the Ayrshire Inals art' quite soft 
and easily broken down to a moderately sharp sand. These sand- 
stones have not lieen largely used as sources of sand, but some lieds 
have been tried for steel-moulding, whilst the Ayrshire Inals have 
been suggested as suitable for lining open-hearth furnaces. 

The Caleiferous Sandstone rocks of Ireland yield several 
valuable sands. Thus, at ( •oolkeeragh, near lnmdonderry (p. 42), 
sand is obtained from soft white or pink sandstones belonging to 
this series, and containing about 85 ]n*r cent of silica and nearly 
9 per cent of alumina, a considerable amount of partially decom- 
posed felspar and clay being present. According to Boswell, about 
(MS per cent of iron compounds is present, up to 7 per cent of 
“ clay/’ and about 005 per cent of heavy minerals, including 
muscovite, chlorite, tourmaline, garnet, zircon, rutile, leucoxene, 
anatase, and ilmenite. The texture is fairly uniform, and consists 
of about 70 per cent of grains between 0 25 and 0-5 mm. diameter, 
together with about 7 per cent each of grains over 0-5 mm. and 
between 0-1 and 0*25 mm. diameter. This material is used chiefly 
for the manufacture of glass bottles. 

The white sand from Cookstown, Co. Tyrone, derived from a 
soft white sandstone, occurring in the same series, contains, accord- 
ing to Boswell, about 97 per cent of silica, 14) per cent of alumina, 
and about 0*04 |)er cent of iron compounds. In some of the washed 
samples of the best sand, the proportion of iron is reduced to 0*02 
per cent. Only about 04)3 per cent of heavy minerals arc present, 
these consisting chiefly of zircon, rutile, anatase, ilmenite, and 
tourmaline. Felspar and day occur to the extent of about 3-5 per 
cent. The texture of the material is fairly uniform, about 80 per 
cent of the grains being between 0*25 and 0*5 mm. diameter, whilst 
up to 10 per cent of the grains may be larger than 0*5 mm., and up 
to 5 per cent smaller than 0*25 mm. diameter, apart from the 
“ clay ” present. This sand is used for the manufacture of glass 
bottles. 

The Millstone Grit rocks consist almost entirely of sandstones ; 
only parts of the beds are commercially useful as sources of sand, 
though much of the rock is quite suitable for building-stone. 

Some of the sandstones of Durham which cannot be classed 
either as ganister or as bastard ganister, and yet are used for some 
of the same purposes as ganister, consist chiefly of pale grey or 
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buff-coloured rocks, usually somewhat micaceous, having a' fairly 
fine texture, the grains averaging about 01 mm. or less in diameter! 
Generally the cement is for the most part siliceous, the impunities 
present in it usually occurring in larger proportions than in the 
true ganisters. At Knitsley Fell, in the silica rock occurring above 
the pencil ganister the grains of silica are coated with iron oxide, 
and quite a large proportion of impurities are present in the cement. 

At Castle Hill Quarry, Uonsett (p. 48), some of the sandstone 
is cemented chiefly by ferruginous matter. The sandstones in this 
district are chiefly used for the manufacture of silica bricks, some- 
times with the addition of ganister or bastard ganister. 

The Crowstones of Cheshire consist chiefly of white or greyish 
sandstones of much coarser texture than the ganisters. In that 
at Mow Cop, Cheshire, the grains are rather coarse (up to 2 mm. 
diameter), and contain a fairly large proportion* of sericitic matter 
and clay in the interstitial cement. 

At Kidsgrove, near Stoke-on-Trent, the beds are fnuch finer 
in texture, the average grain size being 0-5-0-8 mm., whilst a 
considerable proportion of smaller grains from 01 -0 2 mm. fill up 
the interstices. Felsite and chert also occur in this rock. The 
crowstones at Congleton and Burslem are still finer-grained, and arc 
somewhat deeply iron-stained in places ; felspar and mica are 
much more common in the Congleton rock than in the other parts 
of the beds. 

The crowstones are used chiefly for the production of silica- 
cement and silica-sand, as well as fine-grained silica-powder. At 
Burslem they are used for the production of silica bricks and 
ground ganister. 

The Cefn-y-fedw sandstones appear to belong to the Millstone 
Grit rocks ; they consist of more or less silicified sandstones, which 
in places are really quartzites. At Bwlchgwyn the white and 
tough quartzite, stained to a purplish colour near the surface and 
somewhat iron -stained at the joints, is worked for making silica 
bricks. It is fairly fine-grained, the particles being up to 0-3 mm. 
diameter, and associated with a moderate proportion of cherty 
matter. It is very free from impurities, containing no felspar or 
mica and only a small proportion of iron compounds. At Llan- 
gollen the texture is very fine, the grains being between 0-1 and 
0*15 inm. diambter. 

At Trevor, near Ruabon, and Ffrith, near Wrexham, the rock 
» coarser in grain, the particles being up to 0*3 mm. diameter, 

. whilst at Garth Mine, near Ruabon, grains up to 0*8 mm. diameter 
occur. Felspar, felsite, and chert occur in varying proportions, 
and at Llangollen some carbonates are present in the cement, which 
contains much interstitial matter. Kaolinitic matter occurs at 
Trevor, where the rocks are also rather felspathic. At Garth 
Mine, mica, chlorite, and limonite, as well as kaolinitic matter, 
occur in appreciable proportions. 

The Cefn-y-fodw sandstone is used chiefly for the manufacture 
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f silica, bricks and ganister mixture ; at Erith Works, near Mold, 
; is used for the production of abrasive soaps ; whilst at Hafod, 
1 th$ same district, it is used for silica flour, as well as being dressed 
nd used in its natural state for furnace linings. 

The siliceous sandstones of Lanarkshire and Stirlingshire consist 
f whitish and micaceous rocks, generally fine-grained, and cemented 
>artly by siliceous material and partly by clay. They are used 
hiefly for the manufacture of silica brinks. 

The “ Rotten rocks ” of the Millstone Grit Series (p. 48) are 
>f the same nature as those in the Carboniferous Limestone (p. 150), 
>ut arc somewhat finer in texture. According to Boswell, the 
larngad sand contains 60*9 ]>er cent of grains l>etwcen 01 and 
)-5 mm., whilst the sand from the Inehneuk Quarry, Glenboig, 
jontains 86*9 per cent between these limits. 

A pure white sandstone, containing at the top about 97-98 per 
jent of silica, which occurs above the ganister at Falkirk, has 
seen suggested as suitable for the hearths of open-hearth furnaces. 

At Levenseat, Scotland, there is a bed of soft yellow or brownish 
sandstone about 80 ft. thick, which is readily disintegrated into 
loose sand containing a fairly large*, proportion of ferruginous 
matter and clay, largely removed by washing, the product being 
a sand of creamy colour, which darkens on burning, but contains, 
according to Boswell, over 99 per cent of silica and about 0 03 per 
cent of iron oxide. The proportion of heavy minerals is generally 
less than 0*1 per cent, and consists chiefly of ilmenite, leucoxene, 
zircon, rutile, and tourmaline. According to Boswell, the texture 
of this sand is fpiite uniform, over 88 jx*r cent occurring between 
the sizes 0-25 and 0*5 mm. diameter, and (i per cent between 01 
and 0-25. About 1 -fi per cent of “ clay ” is present in the natural 
material. In the washed product, nearly 95 per cent of the material 
lies between 0-25 and 0-5 mm. diameter. This sand is chiefly 
used for common glass-ware, but it is also suitable for lining open- 
hearth furnaces. 

The Ijower Coal Measures yield many sandstones which are 
valuable as refractory materials. These are usually classed as 
bastard ganisters (p. 107), but some are really siliceous sandstones. 

The Guiseley rock at Guiseley, Yorks (p. 49), is a white 
quartzitic sandstone of fine grain, the particles being generally 
about 0-1-0- 15 mm. diameter, cemented by a siliceoils cement, with 
which is associated a considerable proportion of heavy detrital 
minerals, including, according to Boswell, garnet, anatase, ilmenite, 
rutile, zircon, limonite, and leucoxene. Some parts of the beds are 
almost free from mica, whilst others contain it in moderately large 
flakes. The beds are practically non-felspathic. An analysis by 
Boswell shows 97-5 per cent of silica, with 1*8 per cent of alumina 
and about 0-09 per cent of iron oxide, together with a little lime ; 
and a mechanical analysis by him shows that the crushed rock 
contains 40 per cent of grains between 0-25 and 0*5 min. diameter, 
and about 44 per cent is between 0-1 and 0*25 mm. and nearly 
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10 per cent between 0 01 and 01 mm. diameter. ‘More than 6 
per cent of “ clay ” is also present. This rock is used chiefly 
as “ ganister ” and for making silica bricks. 

The cream -coloured sand of Bally castle, Ireland, which contains, 
according to Boswell, nearly 90 per cent of silica and only about 
0*02 per cent of iron oxide, is derived from a soft white or creamy- 
coloured sandstone which occurs in a bell about 60 ft. in thickness 
above the Main Coal of th8 Lower Carboniferous strata. Boswell 
has found that this sand is quite uniform in texture, about 83 per 
cent of the grains being between 0-25 and 0-5 mm. diameter, 
together with about 12 per cent between 01 and 0-25 mm. diameter. 
There is seldom more than 1 per cent of “ clay.” The total propor- 
tion of true sand is very high, being between 98 and 99 per cent. 

In the Middle, Coal Measures arc several sandstones which are 
worked as sources of sand for refractory and other purposes ; the 
most important are the following : — 

The Kelley sandstone of the Middle Coal Measures of Shropshire 
is a very soft pale-coloured stone, which is readily powdered between 
the fingers. It is fairly fine, and consists chiefly of grains between 
0*2 and 0*3 mm. diameter, the particles being largely coated with 
ferruginous and other impurities. It is used for the manufacture 
of silica bricks, and is also ground to produce a sand for lining 
re -heating furnaces. 

Cor mil stone is a pale, buff-coloured powdery rock consisting 
of grains between 0*2 and 0*5 mm. diameter, of quartz, together 
with chert and decomposed felspar, sericitic and kaolinitic material. 
Iron compounds are evenly disseminated through the rock, and are 
generally present only to a moderate extent. This stone, when 
reduced to powder, is used as cupola sand, “ best white sand ” 
for gas-works, and as a scouring sand. A so-called ganister which 
lies below it is used for wall -plastering and as ground ganister. 

The sandstone of the Middle Coal Measures at Biddings, near 
Alfreton, is pale grey in colour and fairly fine-grained, containing 
some mica, clay, and calcite. It is used together with ganister 
sand for the manufacture of silica bricks. 

Triassic sandstones . — The Rhaetic sandstone at Morriston, 
Glamorganshire, is of a greenish -grey colour, and consists of particles 
from 0*15 to 0*2 mm. diameter, associated with chert, felsite, 
microeline, and other felspars. The rock is rather friable ; it is 
used for making silica bricks, and when ground it is also used for 
furnace linings. 

Banter sandstones which are of commercial value are usually 
soft and friable, and are dealt with under Banter Sands (p. 85). 

Jurassic sandstones are sometimes used as sources of sand 
for refractory and other purposes. Thus, the sandstone below 
the Castleton ganister in the Estuarine Series, near Sheffield, is of 
a buff or yellowish colour and is fairly soft, consisting of grains 
from 0*05 to 0*1 mm, diameter, set in a partially ferruginous and 
partially siliceous cement, which contains various impurities in 



SANDSTONES 


155 


addition to iton, including mica and chlorite. It in used chiefly 
as a casting sand in foundries. The freestone below it is rather 
coarser, consisting of grains from 0-2 to 0*3 mm. diameter, and 
containing more felspar and mica, as well as iron compounds, 
including limonito and carbonaceous matter. It is brownish in 
colour and speckled with impurities. It is used in conjunction 
with the yellow sandstone fis a foundry moulding sand. 

The sandstone occurring below the tiard Hamster at Common* 
dale consists of soft white or yellowish rocks, the top l>eds being 
of greatest purity. It is chiefly ground to produce silica sand, 
which is used for the hearths of ojwm -hearth furnaces and for 
patching purposes. A silty rock of very tine texture also occurs 
in the same beds, and is used for easting iron. 

White flint is the name given to a sandstone which occurs above 
the Hard Canister at Commondale, and also at Deepcar, near 
Sheffield, and at Meltham, near Huddersfield. It is very hard 
and of a pale grey colour ; the grains are generally about 015 mm, 
diameter, and are cemented chiefly by siliceous material, which 
occurs in considerable proportions. Felspar and mica occur only 
in very small proportions. At Deepcar it is rather liner in texture 
than at Commondale, and is of a huff colour. Rutile and zircon 
are specially abundant. 

At Meltham. near Huddersfield, the ‘‘white flint” is similar 
to the Commondale roek, hut is of a pale huff colour, on account 
of the iron oxide present. This rock is used childly for the manufac- 
ture of silica bricks at Deepcar and Huddersfield. The rock at 
Commondale is not at present used to any great extent ; its use 
for silica brick-making has been attempted successfully, but only on 
a very small scale. 

Santorin Earth is a siliceous, volcanic ash found on the Greek 
island of Santorin. It is similar to ftozzvolam (p. 13(f) and trass 
(p. 165), but contains rather more silica and less alumina. It is 
used in place of part of the sand in waterproof concrete, as it com- 
bines with the lime set free when Portland cement is wetted, and 
forms therewith a fresh cementitious compound. 

Schists are crystalline rocks having a characteristic, structure 
composed of more or less closely -parallel layers or folia, consisting 
of one or more minerals, either in distinct or alternating laminae, 
or intermingled in no definite order. The texture is somewhat 
similar to that of stratified rocks, hut the layers are not continuous 
and arc often broadened out into lentieles. They are frequently 
contorted and sharply curved, this structure ' being particularly 
evident under the microscope. The layers are not readily detached 
from each other, but form a tough and not easily fissile mass. 

Schists are usually named by some characteristic mineral which 
they contain, as mica-schist, chlorite-schist, hornblende-schist. 
Mica-schists must not be confused with micaceous sandstones, 
which also contain numerous laminae of mica and are easily split 
up into flakes. Such a structure, though similar, is not truly 
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schistose, being due merely to the mode of settlement and not tc 
crystallisation in situ. 

Schists have been formed by the action of various metamorphic 
influences, particularly pressure upon sands and clays. They 
occur chiefly in the Highlands of Scotland and the North of Ireland. 
They are sometimes used for the manufacture of silica bricks, 
though generally they are unsuitable for«this purpose. 

The Port-a-cloy rock foAnd near Stonesfield (Co. Mayo) consists 
of a decomposed quartz-mica schist, which, according to H. F. 


Harwood, has the following analysis : 


Silica .... 

70-47 per cent 

Alumina .... 

. 12-60 

Titanium oxide 

. 0*31 

Ferric oxido 

. 1-82 

Lime .... 

. 0-12 ' ,, 

Magnesia .... 

0-45 

Potash .... 

6-05 

Soda 

. 0-31 

Loss on ignition . 

. 2-94 


According to Boswell, it contains numerous grains of rutile, 
ilmonite, zircon, chlorite, muscovite, and mica, whilst about half of 
the crushed material consists of grains between 0*25 and 0-5 mm. 
diameter, together with nearly 30 per cent between 0 1 and 0*25 mm. 
diameter. About 3 per cent of coarse grains between 0-5 and 1 mm. 
diameter and nearly 4 per cent of “ clay ” are also present. 

Sea Sand is produced by marine deposition, but it is largely 
derived from the action of glacial, fluviatile, estuarine, and aeolian 
forces. The common idea is that sea sand is chiefly produced by 
the erosive action of the sea on the coasts, but this is improbable. 
Some sand is certainly produced by this means, but the greater 
part of the sea sand appears to have been delivered as sand to the 
sea and accumulated by various agencies along the shores. (See 
Shore Sands, p. 157.) Nine-tenths of the world’s coasts being 
lined with sandy beaches, there must be an omnipresent source 
of supply, far greater than the direct effect of sea-water on the 
coast. Moreover, large sandy beaches occur at the foot of many 
coast-lines made of materials which do not produce sand. 

Sea sand is usually yellowish in colour, though at the junction 
of some rivers with the sea it is almost white, as Calais sand. The 
less pure varieties contain much iron, sometimes a large proportion 
of fine chalk, and almost invariably some salt. The latter can 
seldom be completely removed by washing, so that sea sand cannot 
be used where this ingredient is harmful. Many sea sands also 
contain a considerable proportion of organic matter, together with 
the remains of living organisms, such as shells. They also contain 
a very large variety of different minerals, though the proportion 
of each is often too small and too variable to determine accurately. 

Secondary Sands are those which have been carried away by 
water or other denuding agency from the place where they were 
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originally formed and have been re -deposited. They are usually 
purer than primary sands, on account of the classifying action of 
the wind or water which has transported them to the new situation. 
Thus the heavy minerals present will bo eliminated to some extent, 
unless they are very tine, as a current of air or water capable of 
carrying grains of quartz of a certain size will only be able to carry 
very much smaller grains* of heavier minerals, so that the larger 
grains are left behind. There may alsft be a considerable amount 
}f classification with reference to the sizes of the grains. 

Sedimentary Sands are identical with secondary sands, and owe 
bheir name to the fact of their first l>oing susjKUided in water and 
then allowed to settle, forming sediments. They are sometimes 
termed “ transported ” sands. 

Shell Sands contain a large proportion of comminuted shells, and 
are generally found on low, shelving coasts exposed to prevalent 
on-shore winds. In some places they are consolidated into a hard 
mass by the solution and re-deposition of lime around the shell 
grains. Shell sands are used to some extent by farmers for dressing 
land, the calcium carbonate present enriching the soil. (See also 
p. 35.) 

Shore Sands are those occurring along the sea coasts in the form 
of beaches, dunes, etc., and may be produced either by (a) the 
disintegration of rocks along the sea coast ; (b) the accumulation 
from some other locality of material from disintegrated rocks, 
brought to its present situation by marine action ; (c) materials 
reduced to powder by fluviatile or glacial action and transported 
to the sea, from which they are thrown back on to the shore ; or 
(d) the accumulation of loose material as a result of wind or aeolian 
action. Sands belonging to section (d) arc further dealt with under 
the heading Blown Sands (p. 82). 

* Most beaches are formed of sands accumulated by methods (a), 
(6), and (c), but they are augmented by blown sand (tf). The 
occurrence and distribution of shore sands arc dealt with on p. 77. 

The colour of shore sands varies from almost pure white to dark 
brown, through various shades of grey, yellow, and brown. There 
are no pure white sands of this type in the United Kingdom which 
are present in sufficient quantity to be commercially useful. Grey 
sands, according to Boswell, occur at Ballyphetrish, Tiree, Clona- 
kilty, Co. Cork (Ireland), Laig Bay, Eigg, and Laggas Bay, Islay 
(Scotland) ; these contain very small proportions of iron oxide, 
though, on burning, they turn a rather darker colour. The sands 
of Ardara, Co. Donegal, vary from pale to yellowish brown, whilst 
those of Ballycastle and Portrush (Co. Antrim), Coalisland (Lough 
Neagh), Machrihanish Bay, Millisle, Co. Down, and Hutton, Dublin, 
are also brownish in colour. They mostly darken slightly on 
burning, on account of the oxidation of the ferrous iron compounds 
present. 

The chemical composition of shore sands varies considerably, 
depending on the nature of the rocks from which they have been 
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formed, the character of the actions resulting in their accumulation, 
and many other factors. The purest shore sands occur, according 
to Boswell, in the Isle of Jura, and contain about 0-07 per cent of 
iron oxide and nearly 08 per cent of silica. The sand at Sandy- 
mount Strand, near Dublin, used for glass bottles, contains only 
about 84 per cent of silica, 5 per cent of iron oxide, and nearly 
5 per cent of lime. • 

The sands at Maghera« and Sandfields, Ardara, Co. Donegal, 
contain about 0-7 per cent of iron oxide, as well as a considerable 
amount of calcareous shells and heavy detrital minerals. 

The texture of shore sands varies considerably. According to 
Boswell, the best qualities contain over 90 per cent of grains between 
0-25 and 0*5 mm. diameter ; the beach sand of the Isles of Jura and 
Kigg contain over 95 per cent of grains between these sizes, whilst 
the sands of Maghera, Co. Donegal, Portrush* Co. Antrim, and 
Camas contain over 98 per cent. A few sands contain a larger 
proportion of coarser grains, as at St. Ives, where 16 per cent of 
the grains exceed 0*5 mm. diameter. 

A variable proportion of grains less than 0-25 mm. diameter also 
occurs in various shore sands. Thus, Boswell found that the sands 
of Sandfields, Co. Donegal, and Ballyeastle (Ireland) contain nearly 
16 |>er cent of grains between 01 and 0-25 mm. diameter ; whilst 
at Clonakilty, Co. Cork, about 22-24 per cent of grains within these 
limits is present ; and at Machrihanish Bay, Ballyphetrish, and 
Laig Bay (Isle of Eigg) there are res|>eetively 30, 34, and 45 per 
cent of the finer grains. The sands of Sandy mount Strand, Dublin, 
Laggas Bay, the Isle of Islay, and at Millisle, Co. Down, consist, 
according to Boswell, largely of fine grains between 01 and 0-25 
mm. diameter, the first containing about 65 per cent, whilst the 
other two contain between 70 and 80 per cent of these grains. He 
found that the proportion of “ clay ” is usually quite low, and 
seldom exceeds about 1*5 per cent. At Aberdeen, however, it is 
nearly 3 per cent, and at Maghera Green (Ireland) 8 per cent occurs. 

Shore sands are used for various purposes. The English shore 
sands are too impure and too variable in composition to bo used 
for any purposes other than those for which a crude and impure 
sand will serve. Some of the Irish shore sands are, on the contrary, 
sufficiently pure to be used for glass manufacture. The poorer 
qualities are Used for building purposes and where a material 
of great purity is not essential. 

Silica Flour is finely divided silica sand or crushed quartz, which 
is used for various purposes, including the facing of dry-sand 
moulds so as to give a smooth surface to the castings, as a filler 
and detergent in the manufacture of soaps and cleansing powders, 
in metal-polishes, etc. 

A small quantity of silica flour is sometimes used in the manufac- 
ture of silica bricks where a dense structure is required. Silica flour 
is also used as an abrasive and in the manufacture of ultramarine. 

Silica Hocks are largely used as sources of sand where a suitable 
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incoherent sand is not available. They may be divided into four 
classes : 

(i.) Quartzites and schists. (Nee Quartzite#, p. 138. and Sc hish, 
p. 155.) 

(ii.) Silica rocks, sandstones, and grits (p. 147). 

(iii.) Canister (p. 104). 

(iv.) “ Amorphous " qflartzites having cxtrcmclv fine grains 
(,». 143). * 

Siliceous Sinter is a form of hydrated silica, also known as 
geyserite and KieseUinter ; it is produced by the* precipitation of 
silica from solution around hot springs, etc., where the solution 
comes into contact with the air. It may occur as crumbling and 
earthy, compact and flinty, or finely -laminated and shaly deposits. 
It may be dull and "opaque or translucent, in the latter case having 
a pearly or waxy lustre. When pure, it is snowy white in colour, 
but is often tinged with yellow or pink. It consists of 84-91 ]>cr 
cent of silica, together with small proportions of alumina, ferric 
oxide, lime, magnesia, and alkali, and from 5 to 8 per cent of water. 
In Iceland, a bed of siliceous sinter is said to be six miles long, nearly 
a mile wide, and a hundred feet thick ; whilst in the Yellowstone 
Park, America, similar enormous beds occur. 

Slit is a detrital material produced by fluviatile, lacustrine, or 
glaeial action, and consists mainly of very line sand and granular 
non-plastic materials, together with a greater or less proportion of 
clay, Seger defines silt to be that portion, which may be washed 
away by water travelling at 0-7 mm. per second. This corresponds 
to particles between 0 01 mm. and 0-025 mm. diameter, but Boswell 
defines it as 0 01-01 mm., dividing the* sizes into (a) fine silt, con- 
sisting of particles between 0 01 and 0 05 mm., and {b) coarse silt, 
which consists of particles 0-05 to 0-1 mm. diameter. 

Silt may be composed of either fine* calcareous or siliceous 
material, together with a variable proportion of clay, according to 
the nature of the rock from which it is derived. It is sometimes 
known as dump or duff. 

The Humber silt has been successfully used for making bricks, 
many of which have been used for (Irimsby docks and town. It is 
of a dark blue colour, which soon, from exposure, changes to brown. 
On burning, the bricks vary from a dark purple to a dirty white, 
passing through various shades of blue, red, and yellow in a space 
of two or three inches. 

The slime or silt from the Hiver Parrett is .used in the 
manufacture of bathbricks, an important household abrasive and 
cleansing agent. 

Sliver Sand is a fine white sand which owes its name to its 
supposed silvery appearance. It is found in small quantities in 
many localities in the form of “ pockets ” in clay beds. Large 
quantities of silver sand are imported from France as ballast for 
returning vessels, and for that reason it is often known as Calais 
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sand, though it need not have been quarried near Calais: It is 
largely used in agriculture for opening up heavy soils, as a coarse 
abrasive, for scouring purposes, glass manufacture, as a source of 
silica in various chemical industries, and generally for all purposes 
for which a pure silica sand is used. The appearance of silver sand 
is often misleading, as it gives the impression of being a very pure 
sand, though this is by no means always the case. (See White Sands , 

p. 108.) ^ • 

Soil is that portion of the uppermost layer of the earth’s surface 
which is in a sufficiently loose state of division to be suitable for 
the growth of plants. It consists of the finer mineral particles 
produced by the action of the weather on rocks, together with 
decayed animal and vegetable matter — that is, of a mixture of 
sand and clay, with or without other materials, — and is exceedingly 
varied in character. Soil is usually formed ‘by the growth of 
vegetable matter on the weathered upper surfaces of rocks. Apart 
from the disintegration of a rock at the surface, little change may 
take place until plants commence to grow in it. The decayed 
vegetable matter becomes mixed with the rock residue and forms 
what is known as soil or earth. The organic substances dissolved 
in the water, percolating through this soil and descending to the 
rocks below, aid further in disintegrating the rock. 

A section through a soil bed and the rock below would show a 
continuous gradation between the soil above and the solid rock 
below, passing from the sandy subsoil through pebbles and large 
stones until finally the undecomposed rock occurs. In Great 
Britain the soil forms a layer from a few inches to more than 
j afoot thick, and below it lies the rock, with an intermediate material 
— the subsoil — between them. There is frequently a strong re- 
semblance between a soil and the rocks on which it lies, but great 
differences between them exist so frequently that it is impossible 
to lay down any definite rule for their comparison. 

In some cases, soils are formed by material which has been 
transported either by water or by wind from some other locality and 
4 . deposited. 

f Dust and sand may be intercepted by plants, etc., and gradually 
descend to the soil below or be washed down by rain, increasing the 
thickness of the soil. Thus the rich soil of the plains of China, 
termed “ loesfi ” (p. 125), is partly the result of the deposition of 
blown detritus. In Central Asia the air is sometimes thick with a 
fine yellow dust, which, in Khotan, is sometimes so thick as to 
obscure the light of the sun. This dust gradually settles and forms 
a valuable soil, rendering the land very fertile. 

The action of the various natural agencies at work in the dis- 
integration and weathering of rocks has already been described 
(Chapter I.). Soils are termed “ sedentary ” when they have 
been formed by the simple disintegration of the rocks on which they 
rest, and “ transported ” when they have been carried to other 
places by water, ice, or wind. 
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Soils are divided into four chief groups, according to their main 
constituent : (a) argillaceous or clay soils ; (b) arenaceous or sandy 
soils; (c) calcareous or marly soils; and (tf) humic or jXMity soils. 

The soils which most interest the reader of this volume arc 
class (6), and these may be divided into three sections : 

(i.) Sandy soils containing HO per cent or more of sand. 

(ii.) Loamy sands containing 70-80 }>er cent of sand. 

(iii.) Sandy loams containing 60-70 jkt cent of sand. 

Soils containing large proportions of sand are very porous, 
friable, and light or “ open," and are very valuable for certain 
branches of agriculture. (See Vol. 11., Chapter VI 11.) 

The nature of the soil depends on the rock from which it has 
been derived. Tul ifkolT classes soils as follows : 

1. Laterite soils, developed in humid, tropical climates, and 

marked by a high proportion of hydrated ferric oxide 
and alumina. 

2. Wind-blown, or loess soils. 

3. Soils of dry steppes, rich in soluble salts, often alkaline. 

4. Black soils (Tehernozem), rich in neutral humus. 

5. Grey forest soils, with less humus. 

6. Peaty and ashy soils, including all tin* soils of Great Britain. 

7. Tundra soils. 

The effect of sand in soil is described later in Vol. II., Chapter 

VII f. 

To the agriculturist the soils derived from sedimentary rocks 
arc of greater value than those produced by the disintegration of 
igneous rocks. The alluvial deposits are soils in themselves and 
may vary from light silty soils to heavy clayey beds, or they may 
be composed of peaty matter. Soils produced by glacial action 
are very variable in character and usually are rich in clay and 
stones — often of limestone. Such soils occur especially in Norfolk 
and Suffolk. 

The Eocene soils are very valuable and are largely utilised 
around London, though in some cases, for example in the Bagshot 
sand, the soil is very poor and almost worthless for agricultural 
purposes. The Eocene beds yield the heavy London day which 
is a valuable soil for some 1 purposes, but in the south of Hampshire 
they are very poor and sandy. 

The Chalk soils are thin, whitish, and poor, ajid are chiefly 
employed for pasturage. 

The Upper Greensand gives a dry, porous and limey soil of 
moderate fertility but sometimes rather thin. 

The Gault gives a cold, sticky, brownish soil of little value. 

The Lower Greensand soils vary greatly in character from a 
very fertile land to that which is almost barren, these changes 
in character often occurring within very short distances. 

VOL. I 
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The Weald formation gives a stiff, yellow soil which is generally 
wet and poor, though sometimes very productive. 

The Hastings beds yield soils which are poor and sandy, whilst 
those on the Oolite are generally somewhat clayey and calcareous. 

The Portland beds and Coral Rag give thin, calcareous soils, 
though occasionally rich sandy loams are found which are very 
productive. i 

The Kimmeridge clay bods give excellent pasture soil of a stiff 
clayey nature, and the Oxford clay is somewhat similar, being 
rather difficult to work and sometimes poor. 

The Cornbrash beds give calcareous soils, as do also the Forest 
Marble and the Great and Inferior Oolites. 

The Lias beds give light soils of very good quality, which are 
excellent for arable purposes. 

The Trias soils are somewhat porous loams which are excellent 
if not too porous. 

The Permian rocks give light, dry soils, which aw generally 
fertile. 

The Coal Measure soils may be either light and sandy or very 
heavy, whilst in some places a mixture forms a very useful, fairly 
light soil. 

The Millstone Grit rocks form very thin and poor, sandy soils, 
and are often waste moorlands. The Carboniferous Limestone 
gives a thin, calcareous soil which is deeper and richer in the valleys. 

The Old Red Sandstone weathers to a rich and deep soil of great 
value, though in some parts it is very sandy. It is also frequently 
calcareous. 

The Silurian formation gives cold, clayey, or sandy soils, though 
in some parts it is fairly fertile. 

The Cambrian and Laurentian rocks give good soils at low 
elevations, but at higher ones they are poor and sandy. 

Igneous rocks generally give very thin and poor soils except 
in the valleys, where good soils are sometimes found. In some 
places granite gives a very fertile soil. 

In general, the harder rocks produce very thin and poor soils, 
whilst the softer rocks give deeper and richer soils. Clay rocks, 
of course, give clayey soils, whilst those produced by the dis- 
integration of sand rocks are more sandy and lighter. 

Standard Sand is a term applied, especially in connection with 
the manufacture of concrete, to a sand used for comparing the 
binding power of various cements, and, conversely, as a means 
whereby the suitability of other sands for concrete may be judged. 
For this purpose, any other sand is required to possess as closely 
as possible the same qualities as the standard sand. The British 
standard sand is obtained from Leighton Buzzard, whilst the 
American standard sand is obtained from Ottawa, 111. Both the 
British and the American standard specifications for cement require 
the use of a sand of 20- to 30-mesh, t.e. composed wholly of particles 
0*016 to 0*025 mm. diameter, though the British sands used in 
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concrete do not always conform to this specification. The American 
standard specification demands sand consisting of rounded grains, 
whilst the British standard specification mentions the lxdghton 
Buzzard sand, which is subangular. 

The standard sand in France is obtained from Leueate, the 
particles being between 1-5 mm. and 1 mm. diameter (0 04 to 
0*06 in.). A compound standard sand is also used in France 
consisting of equal parts of sands t>f the following grades : 
(a) 2 mm. to 1 -5 mm., (6) i *5 mm. to 1 mm., and (c) 1 mm. to 0 f> mm. 

In Germany a standard sand is used which is very similar to 
the British standard, hut the German sand must not exceed 
28-mesh as compared with the 20-mesh in this country. 

The standard sand used in Austria is also similar to the British 
standard sand. 

Subsoil Sands are the arenaceous deposits formed by the dis- 
integration of rocks, and, when mixed with decayed vegetable 
and carbonaceous matter, form the soil which covers the surface 
of most parts of the earth. 

The colour is usually yellow or reddish, due to the presence 
of hydrous ferric oxide (limonite), which is an important colouring 
agent in nearly all weathered materials which do not contain 
any appreciable proportion of organic matter. 

Tar Sands, see Oil Samis (p. I III). 

Terrestrial Sands arc those formed on land surfaces as the result 
of the disintegration of pre-existing rocks. They may be classified, 
according to JUike and Kastall, as follows : 

Residual : gravels, sands, wackc, laterite, etc. Sedentary. 

Colluvial : talus and cliff debris. \ 

Alluvial : alluvium and swamps, and some loess, 1/n t * i 

Aeolian : wind-blown sand and some loess 1 

Glacial : moraines, drundins, eskers, etc. j 

Thanet Sands occur at the base of the Eocene formation in the 
north of Kent and in the Isle of Thanet, from which the beds are 
named. Their occurrence and distribution are described on p. 67. 
They vary in colour from grey to pal(» brown. At Charlton, in 
Kent, the top beds consist of clayey sands, known commercially 
as “ Blackfoot ” or “ Erith ” sand, and are used as moulding sand 
in foundries and steel works. The paler beds contain, according 
to Boswell, about 95 per cent of silica and 2*4 per cent of alumina, 
together with about 0-42 per cent of iron oxide and a small percentage 
of lime. The principal uctrital impurities present include ilmenite, 
ieucoxene, limonite, zircon, rutile, tourmaline, staurolite, andalusite, 
and muscovite. The sand is very fine, containing, according to 
Boswell, nearly 80 per cent of grains between 01 and 0*25 mm. 
diameter, together with about 16 per cent of grains between 0-25 
and 0-5 mm. diameter. A small proportion of “ clay ” is also 
present, but it does not usually greatly exceed 1 per cent. The 
Charlton sand is used chiefly for ordinary bottle-glass. 
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In tho Thanct Ik*(1s at Bramford, near Ipswich, a dark -green 
glauconitic sand occurs which, according to Boswell, has the 
following composition : 


Silica 

. 60-fil 

Alumina . 

. 9-73 

Titanium oxide 

0-70 

Ferric oxide . 

9-67 

Ferrous o^ido 

0-45 

Lime 

1*22 

Magnesia 

1-80 

Potash 

2-98 

Soda 

0-33 

Phosphoric acia 

013 

Loss 

. 12-38 


It is not at present used, but it might be useful as a source of 
potash. 

Thorium Sands, see Monazite Samis (p. 128). 

Till is a term synonymous with Glacial Drift, though it is usually 
applied only to tho plastic clayey portion of the Drift. 

Tin-bearing Sands and Gravels are produced by the concentration 
of cassitorite obtained by the decomposition and disintegration 
of granite rocks. The cassiterite is usually associated with tour- 
maline, topaz, axinite, garnet, wolfram, soheelite, limonite, magnetite, 
and other heavy minerals, these*, including the tin, tending to 
become concentrated at the bottom of the deposit. The sand 
itself is largely composed of tourmaline-bearing quartz. The 
greater part of the world’s supply of tin is now obtained from the 
tin-bearing gravels of Malaysia, where it is associated with ilmenite, 
arsenopyrite, wolfram, monazite, topaz, and tourmaline, but is 
readily separated by methods which are based on the tin ore having 
a much greater specific gravity than that of the other minerals 
associated with it. 

Tin also occurs in the islands of Banka and Billiton, in the Dutch 
Indies, in Siam and Burma, in Western Australia, Tasmania, 
Southern Nigeria, Bolina, Swaziland, and the Transvaal, in Africa, 
and in Cornwall, England. Near St. Austell a tin-placer 5-6 ft. 
thick occurs beneath beds of gravel, sea-sand, clay, and peat from 
40-44 ft. thick, and resting upon the solid rock. These beds also 
contain microscopic particles of gold derived from lodes of copper 
and iron-pyrites. 

Titanium-bearing Sands are alluvial deposits containing titanium 
in the form of rutile (titanium oxide, Ti0 2 ). These deposits have 
been formed* by the weathering and disintegration of dyke-rocks 
rich in rutile, aided by the subsequent concentrating action of water. 
Titanium also occurs as ilmenite (titanate of iron, FeTi0 3 ) in the 
black sands which occur in different parts of the world, on beaches, 
and on river banks. The black sands of the St. Lawrence river 
are titaniferous and have l>eon derived from the gabbros which 
abound in the district. Many of the concentrates of tin and 
monazite sands are also rich in ilmenite. Those in Travancore 
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contairt over • 50 {ht cent of ilmenite which may be recovered, 
as a by-product, in the magnetic concentration of the monazitc. 

Tosca is a pozzuolana (p. 13b) or volcanic ash found at Teneriffe 
in the Canary Isles. It is used chiefly in Spain as a sujx'rior 
substitute for part of the sand in mortars and concretes. 

Trass is a powdery volcanic tuff or scoria consisting of con- 
solidated volcanic ashes. The name was first applied to a material 
occurring in the valleys of the Brohl tfkid the Nettc, two streams 
which discharge into the Rhine. Truss was introduced into this 
country from Holland and was known as “ Dutch Tarrass.” It 
occurs in many other countries, sometimes in an earthy mass 
and sometimes as a rock. Both forms may be used, the rock 
being in some places superior to the earthy form, whilst in others 
the earthy form is the better. 

Trachyte- and leucite-tuffs are very similar in composition and 
properties to trass. 

Table XXIII. gives typical analyses showing the composition 
of trass : 

Taoi.k XX I II. Analysks of Trass 



Mlii.’t. j Aliiniiiin j 


l.llui- | M ifin-Mi.i 

| Sim In. 

i 

W.-.tlT. 

l) ulrh trass 

4 <» ! 21 | 

12 


f» 

Ill 

Trachyte luff . 

\ 21 1 

■1 ; 

1 1 1 


4 

Leucite tuff 

117 " 

r » | 

8 I :i 

i 

l i 

:i 


The important ingredient of trass from a technical or com- 
mercial point of view is the free silica, possibly also some free 
alumina, which combines with tin* lime set free when Portland 
cement is wetted, or with the wet lime in ordinary mortar, to form 
a cementitious material. This portion of the silica is seldom 
indicated in a chemical analysis, though it is the* only active 
ingredient in trass, all the other materials being of an inert nature. 

Trent Sand is a sand obtained from the river Trent, and is 
used in the building trades and for polishing. Similar sands from 
the Severn and in other rivers in this country art* used for the 
same purpose and are occasionally sold as “ Trent sand.” It is 
an ordinary river-deposited sand of medium grade, excellent as 
an abrasive and polishing agent, but not sufficiently pure to be 
used as a source of pure silica, or for glass manufacture, etc. 

Trlasslc Sands comprise the Bunter and the Keuper sands, 
which may vary in colour from white to brownish, and are of 
widely different texture in different localities. Their occurrence 
and distribution have already been described in Chapter I. (See 
also Bunter Sands, p. 85, and Keuper Sands, p. 123.) 

Tripoli is a variety of kieselguhr or diatomaceous earth (p. 96) 
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which is found in Tripoli and Bohemia. It is more compact than 
the material in most diatomaceous beds and is somewhat laminated 
in character. It is chiefly used as an abrasive for fine polishing, 
but it is also employed as an absorbent in the manufacture of high 
explosives and to a limited extent in the manufacture of porous 
plates and filtering media. 

Tuff or Tufa consists of volcanic *ash which has been con- 
solidated by pressure into if rock of varying hardness. It is found 
in the vicinity of most extinct and active volcanoes, and is some- 
times ground to powder and used in the preparation of hydraulic 
mortars, including pozzuolana and trass mortars or cements. In 
many ways it resembles trass (p. 165), but contains less active 
material (soluble silica). 

Peperino is a dark-brown earthy granular tuff found near Rome 
and containing crystals of augite, mica, leuciie, magnetite, and 
fragments of crystalline limestone, basalt, and leucite-lava. Pala- 
gonite-tuff is a bedded aggregate of dust and fragments' of basaltic 
lava containing angular pieces and minute granules of pale yellow, 
green, red, or brown altered basalt glass called palagonitc. It is 
found in Icelandic and Silieian volcanoes, at Eifel, Nassau, 
Auvergne, Scania, Faroe Isles, Canary Isles, New Zealand, etc., 
and also in the Carboniferous rocks of Central Scotland. Pelitic 
tuff is a volcanic ash composed of minute particles of volcanic 
detritus, basalt, and microlites. It is obtained mainly in deep-sea 
dredgings ; the quantity available is far too small to be of serious 
commercial value.' (See also Pozzuolana , p. 130.) 

Tungsten-bearing Sands aro alluvial deposits containing tungsten, 
as wolframite (tungstate of iron and manganese (FeMnW0 4 ), 
such as the sands and gravels of Southern Hunan, Southern 
Kwangsi, and Kwantung in China, from which deposits most of 
the Chinese tungsten ore is obtained. Wolframite also occurs in 
alluvial deposits in the hill slopes in Burma and in the Malay States. 

Seheelite (calcium tungstate, CaW0 4 ) occurs in deposits formed 
by the surface weathering of limestone with intrusive granites in 
the Kinta Valley, Malay States, from which locality it can be 
readily obtained. 

In Arizona, wolframite and seheelite, together with hubnerite 
(tungstate of manganese (MnW0 4 ) with iron), occur in the 
Dragoon Monti tains. These deposits aro very rich and yield a 
concentrate containing 70 per cent of tungstic oxide. 

In England, wolframite occurs in association with cassiterite in 
the alluvial deposits of Bodmin Moor, which have been derived from 
the disintegration of the pegmatite veins which traverse the granite 
in this district. 

Vltrlftable Sands are those in which some of the constituents 
melt at a relatively low temperature and produce a dense, impervi- 
ous, or even glassy mass. The constituents which produce vitrifica- 
tion in sands of this kind are principally lime, magnesia, and alkalies, 
all of which combine with the silica and form fusible silicates, which 
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melt to a glassy mass. If these constituents are in excess they are 
injurious,, as they produce too fusible a mass. 

Verifiable sands vary with respect to the range of vitrification 
according to the number and nature of the fluxes present. Thus 
lime shortens the vitrification range of the sand, and the time taken 
in producing a thin liquid glass after the lime silicate commences 
to melt is very small. Magnesia, on the other hand, tends to 
increase the range of vitrification. Wh£n several fluxes are present 
simultaneously, they usually effect a more active and rapid vitrifica- 
tion than when only one flux is present. 

Where a vitrifiable sand is required, but is not available, a more 
refractory sand may be rendered vitrifiable by the addition of 
suitable fluxes, such as soda, lime, or even felspar, in the requisite 
proportions, so as to produce a sand which becomes fluid at the 
desired temperature. This is the basis of the manufacture of glass. 

Volcanic Sands are usually very siliceous and consist of angular 
grains, as they have been subjected to much abrasion or weathering. 
They contain particles of all sizes up to that of a pea, together 
with large quantities of mierolites and crystals of minerals, 
particles of volcanic glass, and minutely cellular fragments and 
elliptical (“ hour-glass ”) particles. The finest dust is, in volcanic 
sands, ultra - microscopic . 

The following analyst's, due to Silvestre, are typical of the 
composition of volcanic ash and sand : 



A Mil. 

Sami. 

Silica 

. 50-00 

49-80 

Alumina .... 

UM>8 

18-20 

Ferrous oxide 

. 12*1(1 

12-42 

Manganous oxide 

. 0-40 

0-45 

Lime 

9*08 

1 1 -00 

Magnesia .... 

4*12 

4-00 

Soda 

:i 72 

3(10 

Potash .... 

(H10 

0-49 

Water .... 

Phosphoric acid | 

Titanium oxide I 

0-3<> 

0-29 

Vanadium oxide j 

Ferric oxide J 

. traces 

traces 


Wad is an earthy form of manganese dioxide, formed in low- 
lying districts by the decomposition of manganese -bearing minerals. 
It is dull black and amorphous, and often contains cobalt oxide, 
one variety known as Asbolam or earthy cobalt containing up to 
32 per cent. Another variety of wad, lafnpadite , contains 18 per 
cent of copper oxide. Wad contains a large proportion of man- 
ganese dioxide and is used for making chlorine and for umber paints, 
whilst asbolane is used as a source of cobalt. 

Warp is a mixture of sand, silt, and clay, usually of fluviatile, 
estuarine, or marine origin, such as occurs in the Humber district, 
where it is a light chocolate -coloured material of a soft, silky 
nature, having been produced by the disintegration of the Boulder 
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Clay and washed up by the sea and tides into the estuary of the 
Humber. It differs from the fluviatile deposits of the rivers 
flowing into the Humber, which are richer in sand and silt but 
poorer in mica. Much of the land west of the present mouth of 
the river Humber consists largely of warp. This material is of 
small commercial value ; it has been used as a brick earth, though 
not well suited to this purpose and very difficult to manipulate. 

Wealden Sands occur iif that portion of the Cretaceous System 
which is of fluviatile origin beneath the Weald day. They are 
dealt with under the heading Hastings Sands (p. 121). 

White Sands consist chiefly of quartz, felspar, and other colour- 
less minerals. Heavy detrital minerals are generally absent or 
present in very small proportions. The fact that a sand is white 
does not necessarily mean that it is pure quartz, as it may contain 
large proportions of felspar, mica, and similar minerals. Sands 
composed of pure quartz arc, however, white and are very valuable 
for glass-making and other purposes where a pure sand is needed. 
The pocket sands of Derbyshire, Staffordshire, and Wales an? white, 
but contain a considerable proportion of mica and other im- 
purities. White, sands may also be produced by the bleaching 
action of carbonaceous matter, which reduces the iron compounds 
to the ferrous state and causes them to be removed in solution. 
White sands which develop a pinkish tinge on heating have usually 
been bleached in this way, but still contain some iron compounds 
in the ferrous state, which is oxidised on heating and produces the 
colour. The term White sand is sometimes applied to ground silica 
rock. 

Wolfram deposits contain tungsten ore in particles of various 
sizes scattered through a matrix of granite and quartz. (See Tung- 
sten Sands, p. 1 HO. ) 

Woolwich and Reading Sands are described in Chapter I. (p. 07). 
They are chiefly employed for building purposes, but some are used 
in the manufacture of bricks, tiles, and red earthenware. 

Yellow Sands generally owe their colour to the presence of 
hydrous iron oxide (limonite). In some volcanic districts where 
sulphur is very abundant this may give a characteristic yellow 
powder which might be mistaken for sand. 

Zirconium-bearing Sands occur as river and beach deposits in 
Travaneore (liklia), Brazil, and Ceylon, the zirconium being in the 
form of zircon (zirconium silicate) formed from the decomposition 
of pegmatite rock and syenites. 

In Travanoore the non-magnetio residues of the monazite sands 
consist almost entirely of zircon. (See Monazite Sands, p. 12S.) 



CHAPTER IV 

MINERAL AND OTHER CONSTITUENTS OF SAND 

At the commencement of this volume* it was staled that a sand 
might lx* defined as any loose detrital granular material occurring 
in accumulations of various kinds as a result of atmospheric, 
aqueous, chemical, volcanic, or organic action, the particles being 
of any size between 0 01 mm. and 2 mm. diameter. Thus a sand 
may contain any mineral which could possibly occur in Nature as 
the result of some natural action. Consequently, almost all 
minerals which are capable of resisting the action of weather may 
l>e found in one or other variety of sand. As sands are produced 
by the disintegration of various igneous, sedimentary, or other 
rocks, their mineral constituents will Ik* the same as those of the 
rocks from which they have been formed, with tin? exception of any 
minerals which may be* removed in solution on or after the dis- 
integration of the parent rock, and with the addition of any other 
minerals which may have been brought into the sand, as by trans- 
portation from some other locality. 

Minerals other than silica (which is the chief constituent of most 
sands) may occur in four distinct conditions according to the cir- 
cumstances under which they have been produced : 

(1) Crystalline minerals as: (a) more or less regularly defined 
crystals, though these are rather infrequent except where sands 
have not been subjected to much abrasion or transportation. The 
crystals may be separate or associated in twos (twins) or threes 
(trins), according to the nature of the mineral, whilst in other 
cases a crystal may be built up of simple “ rtiicroliths." (b) 
Amorphous particles or aggregations of particles having an internal 
crystalline structure. This type of grain is most common, as the 
exterior of the crystals has often been largely removed by attrition 
and corrosion due to prolonged exposure to weathering and other 
influences, w r hilst the grains in the original rock, before dis- 
integration into sand, may not have possessed perfect crystalline 
form. Thus in granites and similar rocks the crystallisation of 
the various minerals has been largely impeded by surrounding 
grains, so that irregularly-shaped crystals are the result. When 
such a rock is disintegrated the loose grains prcHluced will be 
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similarly irregular in shape, whilst at the same time possessing the 
internal crystalline character of the particular mineral of which 
they arc composed. Where a sand has been produced by the 
disintegration of a rock which contains perfect crystals of quartz 
and other minerals, a large proportion of these crystals will occur 
in the sand, though their shape will be modified by the mechanical 
abrasion to which they have been subjected by the action of the 
water, ice, or air during transportation from one locality to another. 

The fact that a mineral is crystalline in character, even though 
it may possess quite irregular external outlines, may be readily 
detected by examining it under a microscope with polarised light. 
With the exception of minerals of the cubic system, which are 
invisible in the dark field produced by crossed nicol prisms, all 
crystals and fragments of crystals are just as visible in polarised 
light as in ordinary Ijght, whilst non-crystallihe (isotropic) sub- 
stances are invisible, or almost invisible, under such conditions. 

A third form (c) in which crystals occur in sands is as “ crystal- 
lites ” or “ mieroliths,” which are incipient forms of crystallisation. 
Crystallites occur particularly in sands of volcanic; origin. They 
consist of inorganic particles possessing a more or less definite 
shape, but generally without the geometrical characters of true 
crystals. They may apjK'ur like drops or globulites of an isotropic 
character, or they may be elliptical or have sharp corners. Others, 
termed mieroliths , are rod- or needle-shaped and are often in 
variously-shaped groups. Augite, hornblende, apatite, and fel- 
spars may occur in rudimentary forms of this kind. They are 
usually colourless, but may be black and opaque on account of a 
ferruginous coating. 

Hair-like forms (trichites) sometimes occur, whilst various 
granular and fibrous grains of indefinite shape and character are 
also known. 

In some cases minerals having the external form of another 
mineral which they have replaced in the rock from which the sand 
has been produced may occur. These are termed yseudomorphs. 
Quartz frequently replaces other minerals in rocks such as calcite, 
aragonite, siderite, gypsum, rock-salt, haematite, etc., and so may 
be found in sands having a different crystalline form to that which 
is usually associated with it, the silica having been brought into 
the rock in solution and replacing some other mineral whose 
crystalline form it has assumed. 

' (2) Glassy or Vitreous Minerals. — Sands sometimes contain com- 
minuted or granular particles of “ glass,” particularly those of 
volcanic origin. This ” glass ” may include crystals or crystallites, 
or both, and may consist of several minerals fused into one homo- 
geneous substance. This may be variously coloured, but is 
generally black or dark green when particles of it are examined. 
Very thin sections are either nearly colourless or pale browri. 
Such ** glass ” may be recognised by being isotropic to polarised 
light ; that is to say, that at no position of the polariser is the light 
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passing through the grains visible. The. various inclusions which 
may be present are rendered readily visible by polarised light. 

(3) Colloidal Minerals . — Substances may be present in sands 
in the form of a jelly-like or horn-like material which may be 
either in its natural state or hardened into a stony mass. Chalcedony 
is a typical example of this form. In some cases these materials 
may be converted into thf> colloidal sol form, in which case they 
will remain in suspension in water for«un indefinitely long period. 
Most sands contain only a very small percentage of colloidal matter, 
but this is often of great technical and industrial importance. 
In agriculture, for example, the thin film of Volloidal mutter sur- 
rounding the inert grains is the storehouse of almost all the nutriment 
on which the plants de|>end for their existence. The enormous 
technical importance of tin; apparently trifling proportions of 
colloidal matter in sands has not as yet l)eon sufficiently realised. 

(4) Amorphous Minerals. Various substances may lx* present 
in sands as grains having no regular structure or shape, but occurring 
in irregular or indefinite forms such as granules, stains, or films. 

Some of the minerals found in sands, and especially quartz, 
are very frequently found to contain inclusions of various kinds. 
The principal inclusions are : (a) cavities filled by air or gas ; 
(b) cavities partially or completely filled with a liquid ; (r) globules 
of glass; (<l) crystals; and (e) filaments or iiidetinitely-shajied 
particles. 

Cavities which are either empty or idled with gas (usually 
nitrogen) are very common in some minerals ; they are usually 
of a spherical or elliptical shape and arc generally very small, more 
than a million sometimes occurring in one cubic inch of material. 

Cavities containing a liquid and having a curved, oval, or 
spherical shape are quite common and appear under a microscope 
to have sharply-defined black borders. In some cases they have 
a definite geometrical form. When such cavities occur in particles 
of quartz they are generally hexagonal in shape. They vary in 
size from microscopic dimensions to cavities readily visible with 
the naked eye, the latter being fairly common in large quartz 
crystals. These cavities usually contain water, but potassium 
or sodium chloride may be present as well as potassium, sodium, 
and calcium sulphates. Carbon dioxide may also l>e present in 
solution. Such cavities are seldom completely filled with liquid ; 
they usually contain also a small bubble of air or gas. 

Fluid inclusions may occur disseminated through a crystal in an 
irregular manner, or they may be arranged definitely along inter- 
secting planes, as in quartz, felspars, topaz, beryl, and other minerals. 

Cavities containing a pale greenish or brownish glass with 
several immobile bubbles often occur in crystals. They are usually 
aggregated in the centre of the crystal or are arranged in zones, 
as in felspar, quartz, leueite, and other minerals. 

Crystals of various kinds often occur embedded in crystals 
ol quartz, felspar, and other minerals ; they are generally arranged 
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in the centre of the crystal or in zones. Quartz crystals frequently 
enclose grains of such minerals as rutile, haematite, Jimonite, 
pyrites, chlorite, etc., molten quartz having solidified around these 
minerals in a cooling mass, or having crystallised around them 
from an aqueous solution. The enclosed crystals may be either 
perfect or only partially forfned. The minerals which most usually 
contain inclusions of this kind are leuf'ite, garnet, augite, horn- 
blende, calcite, fluorite, etc. A mineral enclosing other grains 
is usually bu rned a perimorph, whilst the enclosed grains are termed 
endomorphs. 

Filaments or streaks often occur in crystals. Thus mottled 
patches occur in orthoclase as a result of its partial decomposition 
with the formation of kaolin. Decomposed magnetite enclosed 
in minerals sometimes produces brownish patches or discolorations. 
Tufts and vermicides of some green ferruginous 'silicates also occur. 

Essential and Accessory Minerals. — The minerals in sand may 
be divided into essential and accessory ones, and also into original 
and secondary minerals. Essential minerals are the most important 
constituents and those which, if absent, would greatly alter the 
character of the sand. Thus quartz is the commonest essential 
mineral in sands, as it is usually the most important constituent, 
and if removed would altogether alter the nature of the sand. 
The essential constituents of any sand are always present in the 
rock from which the sand is derived. 

Accessory minerals may usually, though not always, be regarded 
as undesirable impurities. They generally occur in small propor- 
tions disseminated through the sand, and are chiefly derived from 
the impurities or accessory minerals in the original rock, though 
other accessory minerals may be introduced during the transporta- 
tion of the sand from one locality to another, or by the deposition 
of detritus from one locality amongst the particles of sand derived 
from another, or by the percolation of waters containing minerals 
in solution, which minerals eventually crystallise out amongst the 
grains of sand. The absence of such accessory substances would 
not, in most cases, adversely affect the nature of the sand and would 
usually, though not always, be an advantage. 

As most sands have been subjected to weathering, the accessory 
minerals in them are invariably those which have the greatest 
resistance to such influences ; any readily decomposable accessory 
minerals in the original rock would soon be decomposed and removed, 
so that only the most resistant minerals would remain in the sand. 

Primary grains are, of course, those which have been derived 
from the disintegration of the original rock from which the sand 
was formed. Secondary minerals, on the other hand, are those 
which have been introduced into the sand some time after the 
disintegration of the original rock. Such additions may be due 
to transportation, the superposition of other minerals, or the per- 
colation of water through the bed. Calcareous, ferruginous, and 
carbonaceous matters are probably the commonest secondary 
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minerals, though many other substances may occur. In some cases 
a mineral may be both a primary and a secondary constituent. 
Thus grains of quartz may occur in the original sand, whilst 
secondary quartz may lie introduced by (wrcolating waters, some- 
times partly consolidating tin* loose sand into a sandstone or sand- 
rock* and sometimes crystallising around the original grains. 

Secondary minerals n*ay also Ik* produced by the alteration 
of some of the original constituents of4hc sand with the formation 
of new minerals. Thus tin* mineral ilmcnite may be partially 
changed into leucoxene. Ferric oxide (haematite) or magnetic 
iron oxide (magnetite) may Ik* partially converted into ferrous 
oxide or limonite ; many other similar changes may occur, the 
resultant products being secondary minerals. 


SI UFA 

* Silica is the commonest constituent of the earth's crust. 
According to V. W. Clarke it occurs to the extent of about (Ml jut 
cent of the total weight of the rocks forming the crust to a depth 
of about ten miles. It is an essential constituent of many igneous 
rocks, especially the* acid plutonic rocks such as granite. It is an 
important constituent of many mctumorphic rocks such as gneiss, 
schists, etc., and forms a very large proportion of the hulk of 
sedimentary rocks. In addition to this, it is one of the most 
resistant materials, and in its crystalline form, as quartz, is able 
to persist through weathering actions extending over an almost 
indefinite period of time, the only action which takes place lK*ing 
the rounding of the corners due to mechanical abrasion. Con- 
sequently, silica in various forms is the commonest constituent 
of sands, many deposits consisting almost wholly of silica. 

The silica present in sands includes that which occurs as free 
quartz, or free silica in some other form, and also that which is 
combined with other substances forming silicates and alumino- 
silicates, such as felspars, mica, clays, etc. 

Free Silica occurs in various forms in Nature, some being 
amorphous, whilst others arc truly crystalline. 'Fable XXIV. 
show r s the various forms in which silica may exist in the free state : 


Table XXIV. Forms of Silica 


State. 

M infra 1 Form. 


Amorphous . 

Amorphous silica . 

j Precipitated silica. 

1 Silica glass. 


| Quartz 

a-quartz, /hquartz. 

Crystalline 

Tridymite 

a- tridymite, ^-tridymite. 


! I Cristohalite 

a-cristohalite, /f-eristobalite. 

Cellular . 

j Cellular silica . 

Ditttomaceous earth, etc. 



m FORMS OF SILICA IJf SANDS , 

Those forms which are designated by the Greek letter a are 
stable at ordinary temperatures and are most likely to occur in 
Nature, but where a rock has been suddenly cooled, the form 
designated by the Greek letter /i, which is stable at higher tempera- 
tures, may not have had sufficient time to revert to the form stable 
at low temperatures, so that it may occur in Nature as well as the 
more stable u forms. „ 

The nature of the various allotropic forms of silica is not 
thoroughly understood, though various theories have been put 
forward to explain them. The theory of W. and D. Aseh suggests 
that the various forms of silica contain a different number of 
atoms of silica to each molecule, with the result that forms having 
different specific gravities are produced. As the specific gravities 
of tridymito and eristo halite are less than that of quartz, the two 
former, according to this theory, contain a sm alldr number of atoms 
in their molecules. Whilst it is almost impossible to ascertain 
the molecular weight of any solid substance, it does seem certain 
that all forms of solid silica must contain many more molecules 
than are represented bv the formula Si0 2 , this being a minimum 
formula. If it wen? correct, silica, as analogous to carbon dioxide, 
would be a gas instead of an almost infusible solid. Some investiga- 
tions of Martin on organo-silica compounds appear to show con- 
clusively that thi? ordinary laboratory form of precipitated silica 
must be represented by at least six times the usual formula, and 
Martin’s experiments confirm the views of W. and I). Aseh as to 
the hexagonal or ring arrangement as representing a minimum 
formula for this form of silica, which in this respect is analogous 
to Kekule’s famous benzene ring theory of the constitution of 
certain carbon compounds. An investigation of the X-ray spectra 
of the various forms of silica would be of great value in this con- 
nection, though their interpretation is exceedingly difficult. 

The various forms of silica may very conveniently be re- 
garded as suggested by W. Ostwald as having different degrees 
of dispersion, ranging from the crystalline form, such as quartz, 
through chalcedony, hyalite, geyserite, and soft opal to a colloidal 
silica gel, the proportion of water in the material varying pro- 
gressively with the degree of dis|x?rsion. 

Amorphous Silica occurs in sands in various forms, the chief of 
which are flint* opal , and geyserite , the last-mentioned usually 
occurring alone and not as irregularly-disseminated particles in 
other sands 

Flint is a form of precipitated amorphous silica produced by the 
deposition of silica around some nucleus, such as a minute shell-fish, 
sponge, or other organism, or around some inorganic substance.* 
By prolonged deposition, irregular nodules of a grey or black 
colour are produced, the size varying considerably. A large pro 
portion of flints could not be classed as sand at all, but the smallei 
fragments which occur in some sands may be included. They do 
not usually consist of perfectly pure silica, but contain about 
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5 per cent of impurities, chiefly organic matter and chalk, the 
carbonaceous matter present being the cause of their dark colour. 
Flints ark extremely hard and break with a conchoidal fracture. 
According to Roscoe and Schorlemmer, flint is an intimate mixture 
of amorphous silica and quartz or tridymite. 

Particles of flint are com para tively rare in sands, though there 
is a bed at the base of tfye Thanet sand containing a large pro- 
portion of angular chips, showing a ntinutely granular structure 
under crossed nicols, and giving a dark colour to the sand ; in some 
places, particles of altered black flint occur. Flint is more fre- 
quently found in recent sands than in those of considerable age. 

Chert, or hornstone, is an impure variety of flint formed by the 
deposition of sponge spicules. It is truly amorphous, but in some 
cases it appears almost as if it wore crystalline. In colour the 
grains are grey, brown, or black, and they have a flat rather than a 
conchoidal fracture. Chert is common in sands of all ages and is 
a frequent constituent of the Carboniferous rocks ; it also occurs 
in the Leighton Buzzard and Huttons Ambo sands. 

Chalcedony is an opaque variety of amorphous silica and is 
' somewhat fibrous. This also, according to Roscoe and Schorlemmer, 
is an intimate mixture of amorphous silica and quartz or tridymite. 
Like flint it is generally formed around a nucleus of some foreign 
matter. It is very hard (7 according to Mohs’ scale), has a sj>eciflc 
gravity of 2*55-2*58 and a refractive index of about 1*54, which is 
rather lower than the refractive index of quartz ; the birefringence 
of chalcedony is also somewhat lower. In colour it varies from 
white to bluish -white or brown. It contains combined water, 
which is evolved when it is heated to HHF-2U0 0 < the evolution of 
steam often causing the fracture of the material. On further 
heating to about (KK)° C. it changes into quartz and finally into the 
lower specific gravity forms of crystalline silica (cristobalite and 
tridymite). There are many varieties of chalcedony, though most 
of them do not occur in sufficiently small grains to Ik* classed as 
sands. The chief varieties are cornelian , prase, agate, and onyx. 

Opal is a variety of hydrated silica similar to chalcedony and 
contains 5-10 per cent of water. It is considerably softer than 
quartz, its hardness being only 1 *9-2*3 on Mohs’ scale ; its specific 
gravity is only 2*2 and its refractive index l *45. It is optically 
isotropic. Opal is produced by the deposition of silica from 
solution in water or by the hydration of anhydrous silica. 

Siliceous Sinter or Ceyserite is a loose, porous form of amorphous 
silica, produced by precipitation or evaporation frqm its solution 
in water. Large deposits of this material occur around hot springs 
in Iceland, Yellowstone Park, U.»S.A., etc. 

* Other forms of hydrated and amorphous silica which rarely 
occur in sand deposits include hydrophone, hyalite, menilite, float 
jtone, etc. 

Silica glass is an amorphous form of silica which is seldom or 
never found in sand deposits. The only known natural form of 
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this substance is Lechatelierite. As an artificially prepared material 
it is well known commercially as quartz glass or fused quartz. 

Colloidal Silica is amorphous silica and includes several varieties 
previously mentioned, such as flint, chalcedony, etc. Colloidal 
silica may contain any proportion of water up to more than 90 per 
cent, those forms which contain the least water being harder and 
denser, whilst those? containing more wajber, such as siliceous sinter, 
may be quite soft. On hearing any form of colloidal silica, water is 
lost, the presence of salts rendering the loss more rapid. The 
dehydrated silica cannot be rehydrated again except with great 
difficulty, and if it has been heated to redness its complete re- 
hydration is almost impossible, on account of the hardness of the 
material. Colloidal silica, as found in Nature, is chiefly in the gel 
form, as the more dispersed sol form can only exist in the presence 
of relatively large quantities of water and is only recognised with 
difficulty. 

Silica, when sufficiently finely divided, so that its particles are 
ultra-microscopic in size, assumes in the presence of water an 
electro-negative charge on each particle, and if there are no interfer- 
ing conditions, the minute particles of silica will persist in a rapid 
motion which is only limited by the walls of the vessel in which the 
material is contained. As a particle of silica in this active state 
approaches another similarly charged, the two particles will mutually 
repel each other, so that their motion is perpetual so long as other 
conditions remain constant. The motion of the particles may readily 
be observed by means of an ultra-microscopic examination. 

Silica in this colloidal sol form is exceedingly sensitive, and if 
any eleetro-positively charged particles are added, e.g. water which 
has fallen a considerable distance through the air in the form of 
rain, or various solutions of electrolytes, the particles of silica will 
coalesce and form a gelatinous precipitate ; this is the gel form of 
silica. If the gel is allowed to dry, or if it is heated, a horny form 
of silica is produced resembling flint, but if the temperature is still 
further increased, a white material is formed which is the ordinary 
“ calcined silica " of the laboratory. Silica in the form of a 
colloidal gel is an important constituent of many rocks ; in some it 
produces veins or intrusions ; in others it is of considerable import- 
ance as a binding agent, and many consolidated sands are bonded 
by this substance. 

Non-crystalline silica is more readily affected by weather than 
the crystalline varieties and is, consequently, more easily removed 
in solution, so, that large masses of the amorphous varieties of silica • 
are of infrequent occurrence, though they do occur. 

Crystalline Silica occurs in sands chiefly as quartz , but also as 
tridymite and cristobalite , though the two latter occur only rarely/ 

Quartz is a crystalline variety of silica occurring in hexagonal 
or rhomboidal forms, the development of which depends on the 
situation in which they have been formed and the mode of forma- 
tion. In sands, perfect crystals seldom occur, as in most cases the 
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crystals have been impeded in their formation by the juxtaposition 
of other crystals, so that quartz is generally found as irregular frag- 
ments having an internal crystalline structure, which may readily 
be seen by examining them in polarised light. There is also an 
absence of surfaces showing cleavage. When seen by reflected 
light, the grains are usually pitted and covered with small grooves. 
The fragments of quartz are seldom quite pure and an* generally 
made cloudy or even opaque by numentUs enclosures (p. 171). 

Quartz has a vitreous lustre, a conchoidal fracture, and a hard- 
ness of 7 according to Mohs’ scale. Its specific gravity is about 
2(>f>. its index of refraction 1 -553, and its birefringence only 0009. 

Other forms of quartz may also sometimes occur in sands. 
The chief of these are amethyst, rose quartz, milky quartz , smoky 
quartz , and arent urine. 

Quartz forms the main constituent of most sands, especially 
those derived from granite, gneiss, mica schist, or sandstone, which 
consist almost entirely of quartz associated with a small amount of 
mica, felspar, magnetite, rutile, zircon, garnet, and tourmaline. 

Tridymite was iirst discovered by Cl. von Hath in trachyte and 
other volcanic rocks, in which it occurs in hexagonal plates forming 
trims. Schuster and von Lasaulx have shown that tridymite 
crystals are pseudo-hexagons, being formed by three separate 
orthorhombic portions giving rise to the appearance of trins. 
Tridymite occurs almost wholly in sands derived from the dis- 
integration of volcanic rocks such as trachytes and andesites. A 
fibrous form of tridymite containing 7 per cent of water is known as 
Lussatite. It has a specific gravity of 2-28 and a refractive index 
of 1 477. 

Cristobalite was also discovered by (J. von Hath in the same 
rocks in which tridymite was found, und has also 1k*cii observed, 
according to A. F. Rogers, in minute spherical aggregates in spheru- 
litic obsidian. It is a rare mineral, and is always associated with 
tridymite, living seldom found in sands. It belongs to the quad- 
ratic system, though trins are common and cause the crystals to 
appear pseudo-cubic. It has a specific gravity of 2-32 and a 
refractive index of 1 -484. 

The identification of the various crystalline forms of silica is 
difficult and requires the use of a social form of rnicroscojie and 
considerable manipulative skill. (Vistobalite and 'tridymite are 
distinguished from each other and from quartz by means of their 
crystalline structure, refractive indices, and specific gravities, though 
the latter is only applicable to a limited extent. Quartz is found 
in irregular grains, whilst tridymite forms needle-shaped prisms. 
The test may not apply in sands which have been much transported, 
as the grains may be altered in shape by attrition. When examined 
by polarised light, quartz may be discriminated from tridymite 
and cristobalite on account of its higher birefringence. Tridymite 
and cristobalite cannot, however, be sejwtrated in this way, as the 
difference between them is too slight. 
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It is also possible to distinguish quartz from tridymite and 
cristobalite by immersing the powder in a liquid of specific gravity 
2*40 (a mixture of bromoform and benzine being suitable), when 
the quartz will sink to the bottom whilst the other minerals remain 
suspended in the liquid. 

The most satisfactory manner of discriminating between the 
three forms of crystalline silica is by their refractive indices. In 
the method, suggested by A*. B. Dick and largely used by the author, 
a little of the material to be examined is immersed in an oil having 
a refractive index about the same as the sample, and the glass slip 
containing it is placed on the stage of a microscope and is illuminated 
by the use of a dark-ground illuminator, a yellow monochromatic 
light being used. Fringes will then be seen round the fragments of 
the sample, and if the liquid and the sample have the same refrac- 
tive index, the fringes will have a deep ultramarine tint, whilst if 
the liquid has a higher refractive index the fringes will be paler 
and brighter or even white. If, however, the liquid has a lower 
refractive index than the sample, red or orange fringes are produced, 
these also becoming paler and brighter. Mercury-potassium iodide 
solution is very satisfactory for use in this test. For a yellow 
sodium light this solution should have a refractive index of 1-477, 
which is the refractive index of tridymite, so that cristobalite, 
which has a refractive index of l -484, can readily be distinguished 
in this liquid, the test being so delicate that, if the solution is 
properly prepared, error is practically impossible. 

Cellular Silica occurs in sands in the form of kieselguhr, tripoli , 
and randanite (see pp. Ob and 105) and also as sponge spicules. In 
most cases such cellular silica occurs as large beds, this form being 
the predominating constituent. It seldom occurs as a minor 
constituent of sand beds, though at Chipstead traces of siliceous 
sponges do occur. 

Although silica is the principal constituent of most sands, all 
other minerals cannot be regarded as impurities, as, in some cases, 
they have a very beneficial action on the sand and may even be the 
principal constituent, silica being then regarded as an impurity. 

The constituents of sands, apart from free silica, may be 
classified as follows : 


(а) Silicates. 

(б) Alumino-silicates. 

(c) Iron compounds. 

(d) Calcium compounds. 

(e) Barium compounds. 

(/) Aluminium compounds. 
(</) Strontium compounds. 
(A) Tantalum compounds, 
(i) Titanium compounds. 
(?) Thorium compounds. 

(k) Tungsten compounds. 


(1) Chromium compounds. 

(m) Tin compounds. 

(n) Zirconium compounds. 

(o) Manganese compounds. 

(p) Phosphorus compounds 

(q) Metallic elements. 

(r) Non-metallic elements. 
($) Rock fragments. 

(*) Shells. 

( u ) Carbonaceous matter. 
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The commonest silicates occurring in sands Ixdong to the groups 
named pyroxenes and amphibolcs. The principal pyroxenes are 
as follows : 

Enstatite is a magnesium silicate occurring in stout prismatic 
crystals belonging to the orthorhombfc system, either colourless 
or of a grey, green, brown, or yellow colour, and having a hardness 
of 5*5 and a specific gravity of 31-3*3. It is derived from inter- 
mediate and basic igneous rocks such as andesites, dolerites, and 
peridotites. Owing to its being soft and readily decomposable it 
is only found in more recent deposits, such as shore sands. 

Hypersthene is a silicate of iron and magnesium occurring in 
prismatic (orthorhombic) crystals of a brownish -green, greyish, 
greenish-black, brown, and sometimes mvirly black colour, it has 
a hardness of 5-6 and a specific gravity of 3*5. It is derived from 
basic igneous rocks such as diorites, and occurs also in pyroxene 
granulites, etc. Hypersthene is a very common constituent of 
sands, especially those derived directly from igneous rocks. 

Auglte is a silicate of calcium, magnesium, iron, and aluminium 
occurring in monoclinic crystals of a black or greenish-black colour, 
with a hardness of 5-0 and a sjK»eific gravity between 3*2 and 3*5. 
It is derived from basic, igneous rocks, including andesites, basalts, 
diorites, gabbro, etc. Augite is also a common constituent of 
sands, especially those derived directly by the denudation of 
igneous rocks. Other pyroxenes which may occur in sands include 
bronzite, diopsidt , diallage , aegerine , and wollaslonite. 

The following are the principal amphiboles likely to occur 
in sands : 

Hornblende consists of a silicate of calcium, magnesium, and 
iron, though silicates of aluminium, sodium, and potassium may 
be present. It forms black or greenish monoclinic crystals having 
a hardness of 5-6 and a specific gravity of 3*0-347. It is derived 
chiefly from acid and intermediate rocks such as granites, syenites, 
diorites, etc., and occurs largely in gneisses and schists, sometimes 
forming the bulk of the rock. Hornblende is common in rocks 
produced by the disintegration of igneous rocks. If present in 
sufficient quantities, it may give the sand a dark colour which is 
accentuated when it is heated. 

Hornblende acts as a flux in the same way as other sodium and 
potassium compounds, and reduces the refractorincrfb of the sand 
in which it occurs. 

Glaucophane is a silicate of sodium, aluminium, iron, and 
magnesium, of a bluish colour, having a hardness of 6-6*5 and a 
specific gravity of 3 *0-3*1. It is derived chiefly from schists, where 
it occurs as a product of metamorphism. Glaucophane occurs in 
some shore sands, as at lie de Groix, Brittany, and in other 
localities. 
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Other amphiboles, which are less frequently found, include 
antho'phyllite , tremolite , and actinolite. 

Amphiboles do not occur to any great extent in the older sands, 
where they are usually altered to chlorite and other secondary 
products. They are, however, abundant in the Drift of Suffolk 
and in the Bun ter beds of tlie Midlands. They also occur to some 
extent in the Bagshot beds, the Reading beds, the Thanet sand, 
the Wealden beds, and the limiter beds of Ireland. 

Amongst the other silicates which may occur in sands are the 
following : 

Olivine forms a group of minerals consisting of a silicate of 
magnesium and iron of variable composition forming green, 
brownish, or blackish prismatic crystals (orthorhombic), having 
a hardness of 6-7 and a specific gravity of 3 0-4 -2. It is principally 
derived from basic igneous rocks in which it is sometimes the 
predominating constituent. It is, however, readily decomposed, 
and so does not occur widely in sand deposits, because, in those 
which have been subjected to much transportation or weathering, 
the more easily decomposable minerals have been removed. 
Olivine sometimes occurs in recent sands, such as those composing 
the dunes of Holland, where they have been noted by Rutgers. 
It is also found in desert sands, such as the Sahara, where it has 
not boon exposed to the same decomposing agencies as marine 
sands and others formed by aqueous action. On the coast of 
Oahu in the Hawaiian Islands, a sand occurs consisting almost 
entirely of olivine and magnetite. It has been produced by the 
destruction of a basaltic lava, resulting in rounded angular grains 
of the above-mentioned minerals, the smaller grains being more 
angular than the larger ones. 

Serpentine is a hydrated magnesium silicate which occurs as 
green, yellow, red, brown, or almost black monoclinic crystals, 
frequently spotted and veined with various colours. It is very 
soft, having a hardness of only 3-4 and a specific gravity of 2- 5-2- 6. 
It is derived from the weathering of olivine, pyroxene, and amphibole 
rocks. It is easily decomposed and does not occur to any great 
extent in sands. It sometimes occurs as a result of the decomposi- 
tion of olivine. 

Glauconite 'is an amorphous, granular, or earthy material con- 
sisting of a hydrated alumino-silicate of magnesium, and calcium. 
It varies in colour from yellowish-green to greyish-brown or 
blackish -green. It is very soft and has a hardness of only about 2 
and a specific'gravity of 2*2-24. 

Glauconite is of very variable composition. It contains 
45-48 per cent of silica, 3-iO per cent of alumina, 0-22 per cent of 
ferric oxide, 3-22 per cent of ferrous oxide, 0-6 per cent of magnesia, 
0-2*5 per cent of lime, 4*5-9 per cent of potash, and 5*5-14*7 per 
cent of water. 

Glauconite grains are very frequently found in internal casts 
of foraminiferae or other marine organisms, the mineral having 
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segregated in the interior of these shells and so taken their shape. 
It is also found coating these organisms. 

Glauconite is almost entirely confined to marine deposits, in 
which it appears to be formed, according to Murray and Philippi, 
by the action of marine bacteria. It is very common in shallow 
water sediments, though it also occurs abundantly in moderately 
deep water. It is in all probability derived from the decomposition 
of potash felspars and potash micas, though it occurs to a limited 
extent in many formations from the Cambrian beds upwards, it 
is most abundant in the Greensand beds and in the green muds 
of Agulhas Bank, South Africa. It is most abundant in tin* Unp*r 
and Lower Greensands of England, and in the north -cast of Ireland 
it occurs in sandy beds as recent as the Unver and Middle Chalk. 
It is generally associated with pliosphatic nodules. It also occurs 
to some extent in the Bugshot sands. Black heath beds, Heading 
beds, Thanet sand, Wcalden beds, and tin* Inferior Oolite. 

Glauconite acts as a tlux on account of the potassium it contains 
and reduces the refractoriness of tin* sand. For this reason, sands 
containing glauconite cannot be used for refractory purposes, but 
the potash they contain may la* sufficient to render them valuable 
as fertilisers. The* iron content of glauconite causes it to prevent 
the sands in which it occurs from being used for such purposes 
as glass-making. 

Various anhydrous aluminium silicates are found in sands, the 
following being the chief : 

Andalusite (Al 2 0 rl . Si() 2 ) occurs as grey or reddish orthorhombic 
crystals, having a hardness of about 7o and a specific gravity of 
3*1 -3*3. It is chiefly derived from metumorphie clay rocks, but 
may be also derived from some granites. 

Andalusite is not a very stable mineral and is readily decomposed, 
so that it does not occur to any great extent in the older sands. 
In Tertiary and Recent beds it is of more frequent occurrence. 
Perfect crystals of andalusite have been found, according to Davies, 
in the Bagshot sands of Brentwood, the Woolwich and Reading 
beds of Plumstead and North wood, the Thanet sand at Grayford, 
the Folkestone beds of Dunton Green, Limpslield, and Reigate, 
and the Wealden ironsands of Shot over Hill. It also occurs in 
the shore sands of Brittany. 

When heated, andalusite is converted first into kyanite and then 
into sillimanitc, the last reaction occurring, according to Vernadsky, 
at 1380° C. 

Kyanite has the same chemical composition as andalusite, but 
forms triclinic crystals of a bluish *groy, green, and sometimes 
blackish colour, with a hardness from 4-7 and a specific gravity 
from 3-6-3*7. It is derived principally from gneiss, schists, and 
other metamorphic rocks. 

Kyanite is a very stable mineral and is not readily decomjjosed, 
so that it is a very common constituent of sands of Oetaceous 
and more recent ages. 
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SUllmanlte is also an aluminium silicate occurring as brown, 
rey, or green orthorhombic crystals, with a hardness of 6-7 and 
specific gravity of 3*23. It is derived from felspathic gneisses, 
schists, etc. 

Sillimanite is of somewhat rare occurrence and is not found 
to any great extent in British sands. 

Topaz is a somewhat rare aluminium plicate containing fluorine, 
which occurs as white, yellow, grey, blue, or pink grains belonging 
to the orthorhombic system. It has a hardness of 8 and a specific 
gravity of 3-56. It is derived from many igneous rocks, including 
granites, rhyolites, etc., and is found chiefly in gem sands, especially 
in Brazil. 

Staurolite is a silicate of iron and aluminium, occurring as 
reddish, brownish, or blackish orthorhombic crystals, having a 
hardness of 7-7*6 and a specific gravity of 3-7. * It is derived from 
schists and gneisses, in which it occurs as a product of metamorphism. 
It is a very stable mineral and is a common constituent of sands 
of all ages, but is especially common in the Blackheath beds, the 
Thanet sand, the Lower Greensand, the Upper Estuarine sands, 
tho Inferior Oolite, the Keuper Waterstones, and the Bunter beds. 

Alumino-Silicatks 

There are many varieties of alumino silicates which may occur 
as constituents of sands, the principal being the clays and allied 
minerals, including felspars and micas. 

Clays are hydrous alumino-silicates which occur to a varying 
extent in association with sands. The number of different days 
which may occur is very large ami a detailed classification of them 
is practically impossible. It is generally agreed that the chief 
constituent is a hydrogen alumino-silicate corresponding to 
H 4 Al 2 Si 2 0 9 , and composed of about 46 per cent of silica, 39 per 
cent, of alumina, and 14 per cent water, for which the name “ clay 
substance ” aboriginally proposed by Seger is convenient. Recent 
researches have indicated that a number of different alumino- 
silicates may form different kinds of clay, but for the purposes 
of the present volume they need not be differentiated. Clay 
substance never occurs in a perfectly pure state in association 
with sand, but- contains various impurities, such as alkalies in the 
form of mica, felspar, etc., and iron compounds, the proportior 
of " which varies considerably. Some clays may be almost pure 
white, whilst others may be a deep red on account of the proportior 
of iron compounds present. Carbonaceous matter may also oecui 
and give the clay a dark colour. 

The nature and properties of clays are subjects far too extensive 
to be ddhlt with in detail in the present volume, and readers requiring 
farther information should refer to the author’s book on British 
Claus , Shales, and Sands (Griffin). 

; The proportion of clay in a sand depends on the mode of 
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formation. Where a rock has been disintegrated into clay and 
sand, as in the case of china clay rock, and has not been transported, 
almost the whole of the clay remains in the sand. Where sands 
have been removed from place to place by wind, water, etc., the 
clay is generally separated from tho sand (at least to a large extent) 
on account of its finer grains and greater suspcnsibilitv in water. 
River sands are usually fairly free from clay ; estuarine, lacustrine, 
and marine sands may contain large proportions of clay. 

The effect of clay upon sand is noticeable in various ways : 

1. On account of its binding power, sands containing day are 
mow or less coherent. The extent to which they are bound 
together, depends on the proportion of clay present. This pro- 
perty is valuable for foundry-work, etc., where sands require to 
be coherent to form a mould, but for building purposes, glass- 
making, etc., where a loose incoherent sand is required, clay is not 
desirable. 

2. Clays introduce alumina into the sand ; this may or may 
not be desirable. Thus, for making some kinds of glass, alumina 
is valuable, as it increases the strength of the glass. In other 
glasses, particularly optical glass, it is undesirable (see Vol. 11., 
Chapter XII.). Tn making carborundum, alumina is undesirable 
(see Vol. II., Chapter X.). Thus, the desirability or otherwise of 
clay depends on the purpose for which the sand is to be used. 

3. Clay tends to introduce impurities such as alkalies, iron 
compounds, etc., into the sand. This may not be important for 
some purposes, but in others, such as for glass-making, chemical 
manufacture, etc., it is very detrimental and clayey sands must be 
avoided. 

4. On account of the smallness of the grains of clay, these tend 
to fill up the interstices between the larger grains of sand, so 
producing a less porous mass. This is not harmful in many eases, 
but where a porous or permeable sand is required, or where an 
excess of fine particles is undesirable, as in concrete sands, glass 
sands, filtration sands, etc., the presence of clay is deleterious. 

The effect of clay in sands used for social purposes is dealt 
with in greater detail in Vol. II. 

Several minerals similar to clay may occur in sands, though 
usually they are present only in minute quantities. Among these : 

Halloysile (A1 2 0 3 . 2Si0 2 . 3H 2 0) consists of soft bluish-white, 
green, or grey crystals of amorphous material having a specific 
gravity of 1-9-21. 

Cottyrite (A1 2 0 3 . Si0 2 . 9H t 0) consists of a dirty •white powdery 
material. 

AUophane (A1 2 0 3 . Si0 2 . 5H 2 0) is a blue or bluish-green 
mineral and is harder than collyrite. 

Nacrite consists of white flaky rhombic crystals. 

Lithomarge consists of minute white or cream-coloured rhombic 
of variable composition. 

yrophyUite (A1 2 0 S . 4Si0 2 . »H f O) consists of rhombic crystals. 
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Montmorillonite (A1 2 0 3 . 4Si0 2 . H 2 0) is soft and of a pinkish 
colour. 

Kaolin or China Clay is a hydrated aluminium silicate or 
alumino-silicatc (A1 2 0 3 . 2Si0 2 . 2H 2 0) which may occur as white, 
grey, or yellowish monoclinic crystals of kaolinite , having a hardness 
of 2 0-2-5 and a specific gravity of 2 *6, or as an apparently 1 amor- 
phous material, having the same chemiwl composition, but devoid 
of crystalline structure, ft is produced by the weathering of 
granite (p. Hi), and occurs in sands in varying proportions according 
to the amount of transportation to which they have been subjected. 

Felspar is a term applied to a group of alumino-silicates con- 
taining one or more basic oxides, the various members being usually 
designated by the principal base present, such as potash felspar. 
The principal felspars are : 

Orthoclase, which is a potash felspar occurring as white, grey, 
or pinkish monoclinic crystals, having a hardness of 6 and a specific 
gravity of 2-57. It is derived chiefly from acid igneous rocks, 
such as granites, syenites, etc. 

MicrocUne is a potash felspar occurring as greyish, greenish, 
or pinkish triclinic crystals, with a hardness of 6-6-5 and a specific 
gravity of 2-55. Like orthoclase, it is derived from acid igneous 
rocks, particularly granites. 

Albite-anorthite felspars form a series grading from a pure 
sodium felspar (albite) to a pure calcium felspar (anorthite) with 
various intermediate mixtures, designated under the general term 
plagioclase felspar. They are usually white, grey, or greenish 
triclinic crystals, with sometimes a pinkish tinge, having a hardness 
from 5-6*5 and a specific gravity of 2-6-2-75. They are derived 
from all types of igneous rocks, the calcium felspars being commoner 
in basic rocks, whilst the sodium felspars arc usually found in acid 
rocks. 

Felspar is a common constituent of sands, but is frequently 
corroded or clouded, as it is attacked to some extent by carbonated 
water, which results in the loss of some of the alkali and the forming 
of other alumino-silicates and free quartz. Fresh felspar is more 
common in deposits of terrestrial origin, such as wind-blown sands, 
in which the grains of felspar are often quite transparent. 

The gradual disappearance of felspar in sands is well shown by 
the following figures, due to Dr. Mackie, of the percentages of 
felspar in the sands of the river Findhorn (Scotland) from its 
source to the sea : 

At Dulsie Bridge 42 per cent 

At Logio Bridges . .‘U ,, 

Between Forres and the sea . . .21 ,, 

A High percentage of felspar indicates that the sand has under- 

1 Sir W. H. Bragg has found, from an examination of its X-ray spectrum, 
that ehina clay is crystalline though the crystals are too small to be observed 
under the microscope. 



FELSPAR IN SANDS iw> 

gone little transportation by rivers and lms been subject to very 
little action by water. 

Table XXV., due to Mackie, shows the percentage of felspar in 
sands derived from different sources. 


Table XXV.- K els pap in Sands 


Hour™ of Sun l. 

^ Fresh Fclsjiur. 

Altered Felspar, 

: 

Per relit . 

Per relit. “ 

Moulder eluv ! 

80 

It 

Moulder c lay 

83 

17 

Lust. Egyptian desert ... 

72 

28 

Nile delta .... 

high 

low 

Kiver Spey 

19 

SI 

Lower Old Ked San* 1st one (Caledonian) . 

20-30 

70-80 

Upper Old Ked Sandstone (Caledonian) . 

30-40 

00-70 

. ... .. 




The felspars are among the most, fusible compounds of silica ; 
this is due to their containing a large proportion of calcium, sodium, 
or potassium in combination with the alumina and silica. In the 
results of a chemical analysis, the sodium and potassium compounds 
arc often expressed as alkalies , a term which is undesirable as 
it gives no indication of the respective proportions in which the 
sodium and potassium may occur. 

On account of their fusibility, the action of felspars in sands 
is to reduce the refractoriness of the sand as a whole Potash 
felspar fuses at a temperature of 12<X) (\, and the molten material 
flows rapidly through the interstices of the sand, so that as soon 
as a sufficient quantity of fused matter is produced the sand loses 
its resistance to heat. The action of potash, however, is in this 
respect slow compared with that of lime in similar compounds. 

The effect of orthodase felspar on quartz when mixtures of 
both are heated is shown in Table XXVI., due to R. Rieke. 

Table XXVI. -Fusibility or Orthoclase-quautz Mixtures 


Orthocla*e. 

Quartz. j 

Fusing Point. 

100 

| 

®f\ * 
1220 

40 

! 00 ! 

1205 

33 

i 07 1 

1285 

25 

| 75 i 

1 292 * 

14 i 

80 i 

i_ 

1317 


For refractory purposes, a sand containing grains of felspar 
is less objectionable than one containing flakes of mica, as the former 
are less rapid in their action, there being less surface to the grains 
in proportion to their bulk. 
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Mica is a term which includes a number of minerals consisting 
principally of silicates of aluminium, potassium, and hydrogen, 
together with iron, magnesium, sodium, and lithium. Micas 
crystallise in the monoclinic system and may be divided into two 
classes : the muscovite micas and the biotite micas. 

Muscovite consists of white, yellow, green, brown, or blackish 
flakes having a hardness of 2-2-5 and f a specific gravity of 2-85* 
It is derived principally frojn acid igneous rocks, especially granites. 
Muscovite may be observed in sands as white glistening flakes 
or frost-like particles, very small proportions of mica being readily 
recognisable in this way. This variety of mica is usually abundant 
in sands formed by aqueous action, though very curiously it is 
absent in desert sands, probably because the thin light flakes are 
easily carried away by wind and, consequently, are removed from 
the main deposit. In water, however, this separation does not 
take place to the same extent, so that the mica in water is not 
removed from the other minerals, but tends to accumulate in layers, 
as, in comparatively still water, the particles of quartz and mica 
are deposited at different rates owing to the fact that the mica 
grains, being thin and flat, are more buoyant than the more granular 
quartz grains. 

Lepidolite resembles muscovite, but contains lithium and 
fluorine ; it forms white, grey, lilac, or rose-red crystals, with a 
hardness of 2-5-4 and a specific gravity of 2 -8-2 -9. It is derived 
largely from metamorphic rocks, such as pegmatites. 

Sericite is very similar to muscovite and is sometimes regarded 
as on aggregated form of muscovite, though it is also thought 
to be alteration -product of felspar. It is especially common in 
Carboniferous anil older rocks. 

Biotite occurs as black or dark-green crystals of variable 
composition, with a hardness of 2-5-3 and a specific gravity of 
2-7-31. It is derived from all kinds of igneous rocks and their 
volcanic equivalents, and also occurs abundantly in metamorphic 
rocks. 

Biotite mica occurs only rarely in sands, as it decomposes on 
weathering, forming chlorite and limonite, but it is found in some 
sands which have not been seriously affected by weathering. It 
occurs to some extent in the Heading beds, Thanet sand, Upper 
Greensand (it. is absent from the Lower Greensand), the Bunter 
beds of the Midlands, the Lower Permian of Yorkshire, the Coal 
Measures of Northumberland, and the Millstone, Grit of Yorkshire. 

PWogopite,ia similar to biotite, but is colourless, white, brown, 
or red in colour. 

Mica in any of its forms reduces the refractoriness of sands 
in whioh it occurs, but its action is not usually appreciable much 
below a temperature of about 1200° C., and it is, like felspar, a 
comparatively slow flux. The effect of mica on the refractoriness 
of silica is shown in Table XXVIL, due to 11. Rieke. 
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Table XXVII.— Fusibility of Mica-quartz Mixtures 1 
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The iron content of mica in sometimes objectionable where a 
pure sand is required, as in glass-making, as the iron compounds 
on heating discolour the fused mass. Biotito mica is particularly 
objectionable in this respect, as, being dark, its effect is more 
pronounced. 

Other alumino-silicates which may occur in sands include the 
following : 

Tourmaline is a borosilicate of aluminium, which occurs generally 
os black or bluc-black hexagonal crystals, with a hardness of 
7-7*5 and a specific gravity of 2*98-3*2. It is derived partly from 
acid igneous rocks and also from metainorphic rocks such as schists, 
crystalline limestones, etc. Tourmaline is a very stable mineral 
and is a frequent constituent of sands of all ages. 

Beryl is a silicate of beryllium and aluminium, occurring as 
pale green, blue, yellow, or white hexagonal crystals, w T ith a hardness 
of 7*5-8 and a specific gravity of 2*7. It is derived from acid 
igneous rocks, metainorphic schists, and crystalline limestones. 
Beryl is found chiefly in placer deposits along with other gem 
stones and a Targe proportion of heavy minerals. 

Chlorite is a term used to designate a number of hydrous alumino- 
silicates containing iron and magnesium, which form soft greenish 
hexagonal flakes with a hardness of about 1 *5 and a specific gravity 
of 2 *6-2 *8. It is a metainorphic product derived from the alteration 
of biotite, hornblende, etc., and occurs largely in schists. Chlorite 
is a readily decomposable mineral and so does not occur to any great 
extent in sands, except as the result of the decomposition of other 
minerals. It has been found to some extent in the Inferior Oolite 
beds and in the Millstone Grit of Wales. 

Epldoto is a term used to designate a number of alumino- 
silicates containing iron, calcium, and hydrogen and sometimes 
ma%anese, cerium, etc. They are usually greenish or brownish 

/V-.M The plus sign indicates that the fusing point is slightly above, and th% 
T fHMtM sign that it is slightly below, the figure stated. 
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in colour and form monoclinic crystals, having a hardness of 
6-7 and a specific gravity of 3-25-3-5. It is derived chiefly 
from gneiss and schists which have been formed from igneous 
rocks rich in lime. Some varieties may also be derived from 
granites. 

Epidote is not found tb any great extent in sands older than 
Tertiary age.. It is abundant in the Drift of Suffolk and occurs 
to some extent in the Ba^shot sands, Blackheath beds, Reading 
beds, Thanet sand, the Upper Greensand, and also in the Lower 
Permian beds of Yorkshire. It has also been found in the dune 
sands of Holland by lletgers. In some sands it occurs as the result 
of the decomposition of other minerals. 

Zoisile is a variety of epidote derived from metamorphic rocks. 

Cordlerite is an alumino-silicate containing iron, magnesium, 
and water, which occurs as bluish, orthorhombic crystals having 
a hardness of 7-7-5 and a sj>eeific gravity of 2 -6-2-7. It is derived 
chiefly from metamorphic gneisses, schists, etc., but it may also 
be derived from some igneous rocks, including basalts and granites. 
Owing to its readily decomposable nature it is not found to any 
great extent in the older sands, but occurs more frequently in 
Tertiary and Recent sands. 

Garnet is a term used to designate a number of alumino-silicates, 
containing lime, magnesia, iron, manganese', and chromium, which 
occur in rhombohedral or trapezohcdral crystals of various colours, 
including yellow, green, brown, red, and black. They have a 
hardness of 6-5-7 -5 and a specific gravity of 3 -5-4 -2. The varieties 
of garnet are described on p. 111. Garnets are derived from 
various igneous rocks, including granite and syenite ; they also 
occur in metamorphic schists, gneisses and crystalline limestones, 
and dolomites. 

Garnet is a very stable mineral and is not easily decomposed, 
so that it is a common constituent of sands of all ages. It is 
particularly common in sands between the Jurassic and Pliocene 
periods. 

Iron Compounds 

No natural sands are entirely free from iron compounds, and 
even the most stringent attempts at purification do not succeed 
in completelyreinoving all the iron present. The chief compounds 
of iron occurring in sands are the oxides, carbonates, and sulphides, 
and various complex minerals containing iron as an essential 
constituent, such as glauconite, ilmenite, etc. These compounds 
are derived from decomposed ferruginous rocks, either by direct 
admixture or by the compounds being dissolved by organic acids, 
the solution penetrating into the sand and being decomposed 
later. 

In the analysis of a sand it is customary to report the *iron 
^compounds as though they were all present as the red o^ide 
^(FejOa), no distinction being made as to the forms in which the Son 
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is actually present ; yet in many sands the proportion of ferric 
oxide is quite small, the iron being present in other forms. 

Iron compounds may occur in sand in three forms : 

(а) As a thin film coating the grains of other minerals ; 

(б) In minute particles disseminated fairly uniformly through 

• the sand ; 

(c) As larger particles Scattered irregularly amongst the grains 
of other minerals. 

Magnetite (Fe.,0 4 ) is a black oxide of iron which occurs in cubic 
crystals, with a hardness of 5-5-0-5 and a s|>eciiic gravity of 4 *9-5*2. 
It is highly magnetic and can usually be removed quite easily by 
means of a magnet. Magnetite is one of the commonest heavy 
minerals in sands and is found in practically all dctrital sediments. 
In some cases, it is partially oxidised to limonite. 

In some sands the magnetite has Iwen concentrated by water 
action, forming large deposits containing but little of other 
minerals, as, for example, the black sands of the St. Lawrence 
river, Canada (p. 122). 

Haematite (Fe 8 () 3 ) is a red oxide of iron occurring as steel-grey, 
iron-black, or reddish hexagonal crystals, or as amorphous grains 
having a hardness of 5*5-6 *5 and a specific gravity of 4*5-5*.'). It 
is abundant in the Isnver Permian beds of Yorkshire and in some 
Northampton sands. 

Limonite is a hydrated iron oxide, consisting of yellow or 
brownish amorphous grains, having a hardness of 5*5*5 and a 
specific gravity of 3*6-4 *0. It is formed by the weathering of iron- 
bearing minerals and also by deposition from solutions of iron in 
water. Bog iron-ore and lake iron-ore are limonite beds. Brown 
iron-ores are worked in Northamptonshire, the north of Spain, 
Luxembourg, and Western Germany. 

So far as sands are concerned, limonite is chiefly of interest as 
being the form in which iron is usually present. It is soluble in 
hydrochloric acid and is volatilised by heating with salt to a bright 
red heat, but these methods are too costly to enable them to be 
applied to the elimination of limonite from most sands. Limonite 
is common in the Thanet .sand, the Upper Greensand, and the 
Kellaways beds. Limonite may also occur as ochre , this material 
sometimes forming the bulk of the material, as in tin* Is>wer Green- 
sand of Shotover Hill, Oxford, and also as umber , which is a brownish 
ferruginous earth containing silica, iron oxide, and manganese 
oxide, the latter sometimes being the predominatingtconstiiuent. 

Other iron compounds which occur only rarely in sand deposits 
include pyrites , marcasite , pyrrkoline , ckalybite , and vivianile. 

Many other substances containing iron in varying proportions 
occur in sands, including hornblende , hypersthene, augite, glmico- 
phane , olivine , glauconite , etc. ; they have the same effect as richer 
iron compounds, if they are present in sufficient quantities 
Usually, however, only very small proportions are present. 
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The chief effect of iron compounds in sands is to reduce their 
refractoriness and to cause them to be brownish in colour. The 
intensity of the colour produced by iron is not a reliable indication 
of the amount present, as much depends on the fineness of the sand 
and on the nature of the iron compounds contained therein, whilst 
the presence of other substances may partially or wholly mask ..the 
colour of the iron compounds. Whei* the iron is disseminated 
uniformly through the sand either in small grains or as a film over 
the other particles, the colour is much more pronounced than when 
larger grains are scattered irregularly through the mass. These 
latter can be separated much more readily than tho smaller 
grains. 

Where iron compounds are present in the ferrous state, the 
colour of the sand may not be greatly altered, as the ferrous com- 
pounds are greenish rather than brown, and are'not so conspicuous, 
but on heating the sand to redness in a current of air the ferrous 
compounds are oxidised to ferric compounds, and produce the 
characteristic; brown colour. 

Ferrous compounds and magnetite arc; most objectionable in 
sands, as, when heated, they combine readily with silica and any 
alurnino-silicates which may be present, forming fusible compounds 
which reduce the refractoriness of the; sand. 

Red ferric oxide is almost infusible if heated in an oxidising 
atmosphere, so that its presence in a refractory sand is not so 
serious as the presence of ferrous compounds and magnetite, but 
if it is heated in a reducing atmosphere, it may be reduced either 
to magnetite or ferrous oxide, and so may Ik; equally as harmful 
as when these compounds are present naturally in the sand. 

Generally speaking, if iron compounds in sands are heated 
exclusively under oxidising conditions, their effect on tho fusibility 
of a sand will be very slight. If, on the contrary, a reducing 
medium is present, the iron compounds will be correspondingly 
reduced and will act as powerful fluxes. 


Calcium Compounds 

Calcium compounds occur in sands in various forms, the following 
being the chief*: 

Calotte is a carbonate of calcium which occurs as white, grey, 
or tinted hexagonal crystals, having a hardness of 3 and a specific 
gravity of 2*71. It may occur in crystalline form or it may form 
a tufa or calcareous sinter. 

Calcite (often with dolomite) frequently occurs in sands derived 
from the Glacial Drift. It has also been found in some dune 
sands. 

Aragonite has the same chemical composition as calcite, but 
orystallises in the orthorhombic system, forming white, grey, 
yellowish-green, or violet crystals, having a hardness of 3*5-4 and 
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a specific gravity of 2*94. Aragonite forms the greater proportion 
of many coral and shell sands. 

Gypsum is a hydrous calcium sulphate, occurring in colourless 
white, grey, yellowish, or reddish grains of monoclinic crystals, 
having a hardness of 1-5-2 and a specific gravity of 2-& Anhydrite 
is an anhydrous form of gypsum occulting as w hite, grey, bluish, 
or reddish orthorhombic crystals. 

Fluorspar is a calciirm fluoride ; it Occurs in colourless, white, 
green, purple, yellow, or blue cubic crystals, with a hardness of 
4 and a s]>eciflc gravity of 30-3-25. It is derived chiefly from 
mineral veins, in which it occurs as a gangue mineral. 

Felspars and micas, as well as other alumino silicates, may 
also contain lime compounds, and although the proportion present 
may be less than 15-20 per cent, the effect of this proportion may 
be serious, so that these minerals should also l>e considered to 
some extent as lime? compounds, as their principal effect on sands 
depends on the amount of this particular flux which they contain. 

Calcium compounds frequently occur in glacial sands as, a 
result of the breaking up and powdering of limestone blocks by 
the action of ice. 

When the calcium carbonate has been brought into the sand# 
by percolating water, it may form a film or coating over the quartz 
and other grains present. This may lx* distinguished by the fact 
that it effervesces when treated with hydrochloric acid. 

The effects of lime compounds on sands are very varied : 

1 . If the sand is to be used in the manufacture of bricks which 
are burned in a kiln, the lime compounds may Ik; converted into 
quicklime during the firing, and when the goods are later exposed 
to moisture, they will probably crack, or at any rate, the lime 
will slake and may fall out (‘‘ blow ' leaving a cavity corre- 
sponding to the size of the mass of free lime. For this reason, 
the presence of lime compounds in such sands is undesirable, and 
if present at all, must be in such a fine state of division that they 
will not do any harm, should they lx; converted into quicklime 
and afterwards slaked. Lime compounds may be removed from 
sand by washing, unless the particles are very small. 

2. Lime compounds react with silica at very low temperatures, 
forming calcium orthosilicate or calcium metasilicate, the latter 
being generally formed in the presence of a large excess of silica. 
According to J. W. Cobb, the reactions take place below the melt- 
ing points of both lime and silica and may be completed at almost 
any temperature between 800° and 1400° 0. Table XXVIII., 
due to It. Rieke, shows the effect of lime on the refractoriness 
of silica in the form of fine quartz, sand. 

When free alumina is present in the sand, the lime and the 
alumina unite at a temperature of 850° -900° C. and more rapidly 
at I100°-1300° C., forming a calcium aluminate. Ternary com- 
pounds or alumino-silicates may also be formed by the interaction 
of lime, silica, and alumina. 
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Tabus XXVIII. — Fusibility of. Lime-silica Mixtures 1 
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Tablo XXIX., duo to J. VV. Cobb, shows the tcin[jcrati 
which lime acts on silica and the various compounds formed. 


Table XXIX. -Reaction Temperatures of Lime-silica Mixtures 



Commencement 
of Reaction. 
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of Reaction. 

Product. 


°C. 

0 c. 


1 part calcium carbonate and 




1 part silica .... 
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1400 

\ 
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CaO . SiO, 

1 part calcium sulphate and 
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] 
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800 
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The action of lime may be altered by the presence of other 
fluxes in the sand. When alkalies are present simultaneously 
with lime (as is usually the case), they reduce the temperature 
at which interaction occurs, as sodium and potassium silicates 
and alumino-silicates are formed at a lower temperature, and fuse 

1 See footnote on p. 187, 
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more readily, than the corresponding lime compounds. Moreover, 
any fused matter which may be present acts as a solvent of lime, 
silica, and alumina, and thereby facilitates their interaction. 

When iron oxide is present, calcium metaferratc (CaO . Fe t 0 3 , 
melting at 1205° C.) or calcium oithoferjrate (2Ca() . Fe 4 () a , melting 
at 1400° C.) may lw formed. According to K. 11. Sosman ana 
H. F. Merlin, both these Substances dissociate at their melting 
joints, the latter giving black crystals with a yellowish -brown 
tinge, and the former yielding long black nmllf-shapcd crystals. 

The extent to which these reactions will occur depends chiefly 
on the relative quantities of each of the constituents present, the 
size of the particles, the temperature to which the mixture is heated, 
and the duration of the heating. 

Lime compounds, are amongst the* most powerful fluxes, and 
a small percentage of minerals containing lime may reduce the 
refractoriness of tin*- sand very considerably. The- effect of lime 
compounds in this way dejxmdx on the size of the grains and the 
intimacy with which they are associated with the other constituents 
of the sand. Thus, the very minute particles uniformly dissemi- 
nated through the sand are much more active in their action than 
larger irregularly disposed particles. 

The form in which the lime is present also affects the activity 
of the reactions. In the form of carbonate, the action is very rapid, 
as the carbonate is decomposed at a temperature of about 700° 0., 
forming free lime which attacks tin* silica and silicates present 
very rapidly. Calcium sulphate does not dissociate lwlow a 
tomjKTaturo of 1200° 0., but above this tcm]>erature its action 
is exactly like lime or calcium carbonate. In tin* form of felspar 
and other calcium -bearing alumino silicates the action of the lime 
is also retarded to some extent, the refractoriness not being reduced 
so greatly as with compounds which produce free lime. 

3. Soluble calcium compounds may produce a scum on any 
articles made from the sand, unless such compounds are changed 
into some insoluble form during the course of manufacture. 


Barium Compounds 

Barium compounds occur in sands, the only one of importance 
being Barytes, which occurs as colourless or white' orthorhombic 
crystals, sometimes tinged with yellow, red, brown, or blue, having 
a hardness of 2*5-3*5 and a s|x?cifie gravity of 4*5. It is derived 
chiefly from mineral veins in which it occurs as a gangtie. Barium 
compounds in sands act in almost exactly the same way as calcium 
compounds, so that their action need not be described separately. 
Barium silicate melts, according to G. Stein, at 1368*5° C., and 
according to R. C. Wallace, at 1490° C. ; the latter figure probably 
relates to the disilicate. 


VOT,. i 
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Magnesium Compounds 

Magnesium compounds may occur in sands in any of th< 
following forms : 

Magnesite occurs as ydiite, grey, yellow, or brown grains 
sometimes in hexagonal crystals, having a hardness of 3 *5-4 -5 ant 
a specific gravity of 2-8-3 or more. It i's produced by the alteratior 
of rocks rich in magnesium silicates, chiefly vein rocks. 

Dolomite is a carbonate of calcium and magnesium which occur* 
as white or tinted hexagonal crystals, having a hardness of 3-5-4 
and a specific gravity of 2-8-2 -9. It occurs rarely in recent sandi- 
such as those in the Drift of Suffolk. 

Spinel, see below. 

Cordierite, see p. 188. t 

The effect of magnesium compounds on sands is to reduce 
their refractoriness, but, unlike lime compounds, the rate of fusion 
is comparatively slow, and the compounds formed are very viscous 
in the molten state, so that where the sand is used in the manufacture 
of articles which are afterwards burned in a kiln, the vitrification 
range is much larger and there is less danger of the goods losing 
their shape than when lime compounds are present. 

Aluminium Compounds 

The aluminium in sands chiefly occurs in the felspars, micas, 
pyroxene, amphibole, clay, and other alumino-silicates, and other 
minerals present as impurities, but a small proportion may occur 
as free alumina. The principal forms of free alumina which may 
occur are as follow : 

Corundum consists of grey, green, reddish, or yellow hexagonal 
crystals, having a hardness of 9 and a specific gravity of 3-9-4- 1. 
It is derived chiefly from veins and segregations of igneous rocks. 

Bauxite, Laterite, and Diaspore arc hydrous forms of alumina 
which occur very occasionally in sands. Bauxite is an amorphous, 
earthy, or granular material of dirty white or brownish colour. 
Laterite is an impure form containing much iron oxide. Diaspore 
.forms white orthorhombic crystals, with a hardness of about 7 
and a specific gravity of 3-5. 

The effect of alumina on sands varies according to the state 
in which it is present and with what it occurs. Alumina reduces 
the refractoriness of sands when small proportions are present, 
but larger proportions increase the refractoriness. Table XXX., 
due to Seger, Heeht, and Simonis, shows the effect of alumina on 
the refractoriness of silica. 

Spinel is the term used to designate a group of minerals of 
varying composition, but consisting essentially of magnesium 
aluminate, though iron, manganese, and chromium may replace 
some of the magnesia. They occur as red, brown, black, or some- 
times green or blue cubic crystals, having a hardness of 8 and a 
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specific* gravity of 3-5-3-(>. They an* derived chiefly from basic 
igneous rocks and from mctamnrphic gneisses, serpentines, and 
crystalline limestones. 

Chrysoberyl is a beryllium aluminate derived from granite*, 
gneiss, and mica-schist, which occurs to a limited extent in sands 
as green orthorhombic, crystals, having a hardness of 8-5 and a 
specific gravity of 3 5-3-8. 


STRONTIUM (.'llMHlCNDS 

Strontium compounds arc very ran* in sands, the only one of 
any importance being Celestine, which is a sulphate* of strontium 
occurring as white orthorhombic crystals, having a hardness of 
3-3*5 and a sjjecific gravity of 3* ( .M>. 


Tantalum Compounds 

Tantalum compounds arc also rare in sands, the chief one 
being Tantallte, — a ninbate and tantalate of iron and manganese 
which occurs as black, grey, or brown orthorhombic crystals, 
having a hardness of fi and a specific gravity of 5 *3-7 *3. 
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Titanium Compounds 

Titanium compounds occur in sands in the following forms : 

Rutile is a titanium oxide occurring as reddish-brown, yellowish, 
or black tetragonal crystals having a hardness of 6-0-5 and a 
specific gravity of 4*2. It is derived chiefly from acid igneous 
rocks and mctamorphic rocks, though- it may also occur as an 
alteration product of other titanium minerals. Rutile is one of 
the commonest detrital minerals in sands, on account of its great 
stability. It is almost indestructible, and may be passed on from 
one deposit to another with practically no change. In some cases 
rutile is concentrated by water action forming large deposits con- 
taining but little quartzose material (p. 164). 

Brooklte is a titanium oxide occurring as, brown, reddish, or 
blackish orthorhombic crystals, with a hardness of 5*5-6 and a 
specific gravity of 4. It is also an alteration product, derived 
especially from dolerites. Brookite is less widely distributed than 
rutile, but is very common in the Coal Measures of Durham and 
the Millstone Grit of Yorkshire. 

Anatase is also a titanium oxide which occurs as slender 
tetragonal pyramids of a brown, blue, or black colour, having a 
hardness of 5*5-6 and a specific gravity of 3*82-3-95. It is an 
alteration product from other titanium minerals and is principally 
derived from granites, dolerite, schists, etc. Anatase, like brookite, 
is also of more local occurrence than rutile. It is abundant in 
the Kemper Watcrstones, and occurs to some extent in the Drift 
of Suffolk, the Weaklen beds, the Inferior Oolite of Northampton- 
shire, the Bunter beds of the Midlands, and in Ireland, the Lower 
Permian of Yorkshire, the Coal Measures of Northumberland, the 
Millstone Grit of Yorkshire and Scotland, the Carboniferous Lime- 
stone, and the pocket sands of Derbyshire and North Wales. 

Ilmenlte is an oxide of iron and titanium occurring as black 
hexagonal crystals, having a hardness of 5-6 and a specific gravity 
of 4*5-5 0. It is derived from basic igneous rocks, especially 
diorites, and also from the disintegration of intrusive veins. It 
is one of the commonest heavy minerals, and is found in practically 
all detrital sediments. In some cases it may be partly converted 
into leucoxeqe and anatase. Ilmenite is sometimes concentrated 
into large placer deposits containing few other minerals. 

Sphene or Titanlte is a titanate and silicate of calcium which 
occurs as brown, green, grey, yellow, or black monoclinic crystals, 
having a hafdness of 5-5-5 and a specific gravity of 3*54. It is 
derived chiefly from acid igneous rocks such as granite, syenite, 
etc., and also from inetamorphic rocks, rich in calcium. 

Leucoxene is a variety of sphene produced by the alteration 
of ilmenite and other titanium-bearing minerals. It is found in 
most sands and deposits where other titaniferous minerals occur, 
and is especially frequent in Carboniferous rocks. 

Titanium compounds act as powerful fluxes, and, if present in 
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quantities exceeding 2 per cent, they greatly reduce the refractoriness 
of the sand. The effect of titanium oxide on the refractoriness 
of silica is, as shown in Table XXXI., due to it. Itieke. 

Table XXXI. Fusibility nr Titanium Oxide-silica Mixtures 


Silica. 

Titanium Oxi lr. 

|{cfrart4>rincs«. 




100 


1700 

00 

io 

1730-1750 

SO 

20 

1050-1070 

70 

30 

1 5S0 

00 

40 (Killed ic) 

1530 

50 

50 

1010 

40 

00 

1070 

30 

70 

1050 

20 

so 

1050-1070 

10 

oo 

1050 


100 

1010 


The effect, of titanium oxide as a flux on alumina is even more 
marked than on silica, as is shown in Table XXX II., also due to 
R. Itieke. 

Table XXXII.- --Fusibility of Titanium Oxide-alumina Mixtures 


Alumina. 

Titanium (»\l<l<\ 

; KcfractorlncKH. 

100 


i ; 

• c. 

i 2000 ! 

SO 

20 

! IS 25 | 

70 

30 

I77D | 

00 

1 40 

1730 

50 

50 j 

1730 

40 

00 | 

1730-1750 

30 

70 ! 

1000 

20 

HO j 

1050 | 

10 

no 1 

1030 ; 


loo j 

1 

1010 

— 

1 

.1 


Thorium, Cerium, and Yttrium Compounds 

The only important thorium compound occurring in sands is 
Monazlte, which Is a phosphate of ecriuin metals und thorium 
silicate, and occurs as pale yellow or reddish-brown monoclinic 
crystals, having a hardness of 5-5 and a sjiecific gravity of 5 0. It 
is derived from granites and pegmatites. 

Thorlanlte and Thorite are also sources of thorium, but they 
occur only rarely in sands. 

Xenotlne is a mineral similar to monazito. consisting of phosphates 
of the cerium and yttrium groups, together with silica, thoria, 
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zirconia, etc. It contains S-l 1 per cent of ceria earths and 54*65 per 
cent of yttria (*arths, and occurs as brown to reddish-brown or 
yellow tetragonal crystals, with a hardness of 4-5 and a specific 
gravity of 445-4-50. It is frequently associated with zircon, 
especially in granitic rocks, and is abundant in the diamond sands 
of Brazil and in Scandirfavia. In smaller proportions it occurs 
in other rocks, such as those of the Millstone Grit, and in some 
dctrital sands. * 

Tunostkn Compounds 

Tungsten compounds occur in sands in varying quantities. 
The following are the principal varieties : 

Wolframite is a tungstate of iron and manganese which occurs 
as brown or greyish-black monoclinic crystals, having a hardness 
of 5-5-5 and a specific gravity of 7- 1-7*6. It is derived from 
pneu matoly t i c ve i ns . 

Scheelite is a tungstate of calcium which occurs rarely as 
yellowish or brownish tetragonal crystals, with a hardness of 4-5-5 
and a specific gravity of 5-9-61. It is also derived from pneu- 
matolytie veins. 

Hubnerite is a tungstate of manganese which occurs very 
rarely in sands. 

Chromium Compoun ns 

There are various compounds containing chromium as a minor 
constituent in sands, but the only one which contains a large 
proportion is Chromite, which occurs as black or brownish-black 
cubic crystals, with a hardness of 5-5 and a specific gravity of 
4-34-5. It is derived chiefly from ultra-basic rocks, peridotites, 
(4c. It is very resistant to weathering, and is carried about in 
sands without any appreciable alteration. 

Tin Compounds 

Tin compounds occur in sands only as Cassiterlte; it is found' 
usually as black or brown tetragonal crystals, with a hardness 
of 6-7 and a specific gravity of 64-71. It is derived from granites 
and quartz veins as well as other aeid igneous rocks. It is found 
in the sands of Cornwall and other tin -bearing districts, and has 
also been foupd, to some extent, in the pocket-sands of Derbyshire. 

Zirconium Compounds 

Zirconium compounds occur in sands principally as Zircon (zir- 
conium silicate), which consists of colourless green or reddish-brown 
tetragonal crystals, having a hardness of 7-5 and a specific gravity 
of 4-7. It is derived from many types of igneous rock, especially 
acid ones, and also from crystalline limestones, gneisses, and schists. 

Zircon is an extremely durable mineral, and may be repeatedly 
transported from one deposit to another without any material 
changes. Consequently, it is one of the commonest constituents 
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of sands, and is found in almost every deposit. In some eases 
it is concentrated by water action forming large deposits practically 
free from other minerals. 


M A NO A N ESE ( !< ) M POl' N 1)S 

Manganese oxides occasionally occur in some dark sands. 
They act as powerful tiuxe ; and rapidly decrease the refractoriness 
of sands in which they occur. They iff so give the sands a brown 
colour, if present in sufficient quantity, which may l>e an objection 
to their presence. Manganese compounds may occur as a thin 
film over the quartz, and other constituents of the sand, giving 
the whole bed a brown colour, which may 1m* removed to some 
extent by washing. 

Pfinsruoitrs ( ’oMi’orN ns 

Phosphorus compounds occur in sands chiefly in the following 
forms : 

Apatite is a phosphate and fluoride of calcium or a phosphate 
and chloride of calcium, with a hardness of f> and a specific gravity 
of 3* 17-3-23. It forms greenish or yellowish hexagonal crystals 
which, in some cases, arc various shades of blue, grey, red, and brown, 
whilst white or colourless specimens also occur. It is derived 
partly from igneous rocks and partly from rocks which have l>een 
altered by metamorphie action. Apatite is not of wide occurrence, 
but occurs to some extent in the Heading beds, the Thanet sand, 
the Hunter beds of the Midlands, and the Lower Permian lieds 
of Yorkshire. It has also been found in some dune sands. 

Coprolite and Phosphorite are natural phosphate rocks which 
are produced by the accumulation of organic remains. Phosphates 
are common in the Greensand beds, some portions being so rich 
as to be suitable for use as fertilisers. 

Phosphorus compounds effect a serious reduction in the 
refractoriness of silica, on account of their low fusing point and 
the formation of fusible phosphates. Table XXXIII., due to 
(’. Nielson, shows the softening points of various mixtures of 
calcium phosphate and silica. 


TAHLB XXXllI. KlSlHII.lTY OK ( 'A 1 .Cl I ‘ M • PHOSFH ATK-SI L1CA MtXTLKKB 


Formula. 

Calcium 

PllOSplultC. 

Silica. 

SoftoiiltlR Point. 


100 


e. 

1550 


90 

10 

1440 

Ca 3 P,0,i . lSiO. 

83-8 

10-2 

1450 


80 

20 

1480 

Ca 3 P,0, . 2Si()j 

721 | 

27-9 

1500 

„ 

7o ; 

30 

1445 

Ca 3 P s O H . 3SiO s 

| 03 *2 1 

30-8 

1030 


1 00 

40 

1490 

Ca,P,(), . 4SiO t 

! 5»-3 ' 

| i 

43 7 

1470 
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Metallic Elements 

Metallic elements occur in small proportions in some sands. The 
principal ones so found arc as follows : 

Gold occurs in grains of various sizes associated with zircon, 
corundum, topaz, garnet, etc. It is yellow or bronzy in colour, 
and has a hardness of 2-5-3 and a specific gravity of 12-20.* It 
is derived from gold-bearing primary *' rocks, in which it occurs 
disseminated through the mass. 

Platinum occurs as steel -grey particles, which may be either 
amorphous or crystalline, usually the former. It has a hardness 
of 4-4-5 and a specific gravity of 21-46. Platinum is derived from 
basic igneous rocks, peridotites, etc., though it may also be derived 
from some metamorphic and sedimentary rocks which have been 
produced originally from basic igneous rocks. 

Palladium, Osmium, Iridium, Ruthenium, Iridosmine, and 
Rhodium are also found in association with platinum, in detrital 
deposits. 

Non-Metallic Elements 

Non-metallic elements do not occur in sands, except carbon, 
which may be found in some sands, as Diamond (see p. 96). 

Rock Fragments 

Besides the simple minerals already described, small rock 
particles consisting of aggregates of mineral grains may occur in 
sands. Such rock fragments are very common in desert sands, 
which often consist chiefly of comminuted rock particles. In 
regions where crystalline schists have been disintegrated, small 
fragments of schist, quartzite, and granulite are often found in 
the sands derived from these rocks. 

Organic and other ( ■arbonaceous Matter 

Carbonaceous matter occurs in most sands. It is derived from 
either decayed animal or vegetable matter, and may be included 
in the deposit as a result of the infiltration of water containing 
carbonaceous matter in suspension, or by the simultaneous deposi- 
tion of carbonaceous matter during the period of formation of the 
sand, or by bituminous rocks becoming mixed with the sand. 
In some cases the origin of the carbonaceous matter may be readily 
recognised, atf when leaves, wood, roots, etc., are present. The 
carbonaceous matter may be disseminated very uniformly through 
the sand or it may be concentrated in certain , places. In some 
sands carbonaceous matter forms a thin film over the quartz 
and other grains present, giving the whole mass a dark-brown colour. 
The colour may sometimes* be a guide as to the amount of carbon- 
aceous matter present, but this is not very reliable, as other colouring 
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agents may influence 1 the tint of the sand. Very dark sands, 
however, are frequently rich in carbonaceous matter, and when 
they afe heated the colour may become much lighter, due to the 
burning off of the carbonaceous matter. 

The principal effects of carbonaceous matter in sands arc 

1. The colour in the raw state is \eny dark. 

2. It has a reducing action upon a ny iron com pounds which 
may be present. This aefion is very A>enetieial, as the iron com- 
pounds are reduced in process of time and converted into soluble 
substances which may be partially removed by infiltrating water. 
In this manner the iron content of the sand is gradually lowered 
and a partial purification takes place, so that a sand which originally 
might be very impure and unsuitable for purposes when* a refractory 
sand is required might, in time, Ik* so purified as to be suitable 
for such purposes. This has been csj>ecially the ease with the 
glacial sands of Uincashire, which have been partially purified by 
carbonaceous matter in this way. 

Many of the purest sands an* associated with carbonaceous 
material, this association probably being partly the cause of their 
purity. The Fontainebleau, Lippe. and llohcnhockc sands on the 
Continent, and the Aylesbury sand are all very pure sands which 
are associated with carbonaceous matter. 

Shells are a common constituent of many sands of marine 
origin, and in some cases they form the hulk of the deposit (p. 157). 




CHAPTER V 

PROPERTIES OF SANDS 

To attempt to describe the properties of sands is to open out a 
very wide field, as sand is not a single mineral, but a heterogeneous 
mixture of many different ones ; the innumerable combinations 
of these minerals in varying proportions produce sands of endless 
variety, so that to describe their properties fully would be a tedious 
and very difficult matter. It will be sufficient, however, for the 
purpose of this volume to describe the principal properties of a 
pure sand- that is, a quartzose sand and to show how the presence 
of the various impurities mentioned will alter its properties, referring 
the reader to other parts of the book for further information as 
to the properties of such impure sands. 

Chemical Composition. — The chemical composition of sands is 
very important, especially for some purposes for which sands 
are used. Sometimes it may only bo necessary to know the 
percentage of silica, iron oxide, alumina, and water, whilst in other 
cases a more accurate and complete determination may be necessary. 
The analysis of a sand is usually reported somewhat as follows : 

Silica 
Alumina 
Iron oxide . 

Lime 
Magnesia 
Alkalies 

Loss on ignition 

100 per cent. 

In the first place it will be observed that the analysis adds up 
precisely to 100-00, a feat of skill almost impossible, even to the 
ablest analyst, and an almost certain sign that some constituent 
has been “ estimated by difference.” This is a convenient way 
of stating that the analyst has been too lazy, too busy, or too 
ill-paid to make a proper analysis, and having determined the 
silica, alumina, iron oxide, and lime, has found that a certain 
amount of material remains unaccounted for. He, therefore, 
describes this “ difference ” as “ alkalies,” and soothes his conscience 
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with the thought th.it so small a percentage of any ingredient 
cannot make any appreciable difTerenee in the value of the sand. 
This method of working is all the more usual because the labour 
attending the actual determination of the alkalies is almost equal 
to that required for all the other constituents put together. 

For some purposes, such as glass-making, an accurate know- 
ledge of the proportion of alkalies is unimportant, provided the 
sand is otherwise pure, but for others, such as moulding sand, 
the presence of lime, magnesia, and alkalies, even in small quantities, 
has a notable effect on the heat resistance of the* sand, and their 
proportions should In* determined with great exactitude. It is, 
as a matter of fact, less important to know the proportion of silica 
than of alkalies ; and if so complete an analysis cannot be obt ained, 
on account of the cost of the labour involved, it is better to treat 
the sample with Indroliuoric acid until all the silica has been driven 
off, and to analyse the residue, than to make a guess at the pro 
portion of alkalies, as is so frequently done. 

The composition of most sands includes SO per cent or more 
of silica, together with some quantity of impurities. In very pure 
sands, OS or even 00 per cent of silica may be present. 

The amount of iron present in sands is often of great importance, 
especially where a very pure sand is required. 

Mineralogical Composition. Although the chemical composition 
of a sand is of great value, it is sometimes insullicicnt. and it. may 
then be necessary to know in what si ate the various elements 
determined are present, as some minerals may not )>e harmful in 
a sand, whilst others may be very undesirable, or an clement in 
some form may be. undesirable, whilst if combined in another form 
it may not be so harmful. Thus, silica, alumina, and alkalies may 
be combined in the form of felspars or mica, but the felspars may 
be harmless or less harmful than the micas. The methods used 
in determining the mineralogical composition of sands are described 
on p. 2o(). The minerals present in sands have already lx‘en 
described in Chapter IV. 

The proportion of mineral impurities in sands varies according 
to their mode of origin, the rocks from which they have been 
derived, etc. In most cases, the proportion of impurities is seldom 
more than 20 |>er cent, and it is generally much less. About 1 per 
cent or less is the average proportion of heavy minerals, though, 
where a large amount of line material occurs, the proportion may 
be higher. 

Sands which have been produced directly froiu igneous rocks 
usually contain a higher proportion of impurities than those which 
are formed by the disintegration of older sediments, as the constant 
transportation of detrital minerals tends to separate the grains 
according to their sjx-cific gravities, etc., thus concentrating the 
heavy minerals in certain deposits and leaving the quartz, grains 
reasonably pure. Thus, in some of the beds of the l-piier Greensand, 
according to Boswell, the proportion of heavy minerals is only 
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0-01 per cent or leas. The Thane t sand contains *0-07-0 *15 per cent, 
and the Woolwich and Reading beds 01-0-9 per cent of heavy 
detrital minerals. In the Inferior Oolite beds, the Folkestone 
beds, and the Bagshot sands, the proportion of heavy minerals 
is sometimes as much as 4 per cent, though usually it is about 
0-5-1 per cent. As a general rule, the coarser sands contain a 
smaller proportion of heavy minerals tha*n the finer sands. 

Chemical Properties. — The chemical properties of sands vary 
with their nature and constitution. It is best, in considering this 
subject, to ascertain the chemical properties of a pure quartzose 
sand and then to find how these properties are affected by any 
impurities present. 

Quartz and most forms of free silica are insoluble in all ordinary 
acids , but dissolve more or less rapidly in hydrofluoric acid in the 
cold and in phosphoric acid at 400° C. or at higher temperatures. 
Crystalline quartz is least soluble and amorphous silica the most 
soluble. The following results, due to Schwarz, show the proportions 
of crystalline and amorphous silica dissolved by hydrofluoric acid 
at 100° C. by digestion for one hour : 

Quartz 5-2 per cent. 

Gelatinous silica . . .52-9 „ 

Felspar, leucite, and other minerals which contain a high 
percentage of silica are also usually dissolved very quickly by 
hydrofluoric acid, but anatase, brookite, rutile, andalusite, kyanite, 
sillimanite, staurolite, topaz, tourmaline, corundum, spinel, cas- 
siterite, axinite, and zircon are only slowly attacked, whilst such 
substances as mica, hornblende, and sphene are partially decom- 
posed. 

The action of alkalies upon quartz and other forms of free silica 
is similar to that of hydrofluoric acid. Quartz is attacked to some 
extent by caustic soda, finely-divided material being more readily 
attacked than the coarse crystals. Non-crystalline silica is still 
more easily attacked. Colloidal and hydrated forms of silica are 
rapidly attacked and dissolved. Sodium carbonate also attacks 
quartz, but to a lesser degree. 

Caustic soda decomposes felspar quickly at a bright red heat, 
the extent of the action depending on the size of the particles 
and the nature* of the felspar. Fine particles are naturally more 
readily attacked than coarse ones, and soda felspar dissolves 
quicker than potash felspar. 

Caustic soda also attacks hornblende, augite, biotite, etc., to 
some extent, but andalusite, epidote, and muscovite are not 
appreciably affected. 

Lime does not affect silica at atmospheric temperatures, but 
at high temperatures (about 1000° C.) it begins to react upon 
amorphous silica rapidly, and though quartz and other forms of 
crystalline silica are not obviously attacked below a temperature 
of 1400° C., yet, according to J. \V. Cobb, some combination does 
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occur (p. 191). Lime also attacks siliceous minerals in the same 
manner as silica. 

Silica and siliceous minerals are attacked by carbon at all 
temperatures above 1200° ( ■., forming silicon and carbon monoxide, 
and sometimes silicon carbide. This proj)crty is of great value 
in $he manufacture of carborundum. *The presence* of iron com- 
pounds (as impurities) favours the reduction of silica to silicon. 

Many of the impurities in sarnie art* affected by chemical 
reagents which do not affect quartz. This property is of value 
in some cases for the purification of sands : thus : 

Hydrochloric acid attacks many calcareous and ferruginous 
impurities in sands, such as dolomite, magnesite, calcite, iron oxides, 
etc. Olivine, serpentine, chlorite, nepheline, epidote, leucite, 
apatite, and other phosphate's, monazite. etc., are also attacked 
to some extent. Some sulphide's are also dissolved. Manganese 
oxides, if present, arc removed, and some silicates art* decomposed, 
by prolonged boiling with the* concentrated acid. 

Sulphuric acid attacks any clay or hydrated alumino-silieates 
which may be present in sands, decomposing them into aluminium 
sulphate, silicic acid, etc. The action is not always complete. 

Nitric acid attacks any sulphides which may be present, forming 
sulphates. 

Chloric acid is an active oxidising agent, and attacks any 
carbonaceous matter which may be present in sands. 

Sodium chloride (common suit), when mixed with sand and heated 
to redness, will cause the vaporisation of almost all the iron as 
chloride. The calcined sand, after washing .to remove the soda, 
is thereby rendered almost free from iron compounds. 

The effect of various reagents on sands, however, is not in most 
eases sufficiently distinct to render separation accurate, aw before 
one substance is completely decomposed or dissolved another 
material may have l>een affected to some extent, and consequently 
the separation is not sharp, each constituent separated being 
contaminated by other substances. 

Many of the minerals which occur in sands are little affected 
by acids and are as resistant to their action as quartz itself ; some 
are even more resistant (c.y. sillimanite and its allied minerals), 
so that only certain minerals, such as those previously mentioned, 
affect the properties of sands in the cold. 

When heated, on the contrary, most mineral impurities in sands 
affect them more or less seriously, usually reducing the refractoriness 
and sometimes causing other difficulties. This effeot is dealt with 
in greater detail in the section on the refractory properties of 
sandb (p. 226). 

Colour. — The colour of sands varies within extremely wide 
limits, and though it is sometimes useful, as a means of distinguishing 
different kinds of sand, very little reliance can be placed upon it. 
For instance, a dark colour in a natural sand may not necessarily 
mean that the sand is impure, as the colour may be due to the 
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presence of carbonaceous matter, which, on ignition, may possibly 
readily be removed, leaving a pure white quartzosc sand. On 
the other hand, a pun* white sand may contain a large proportion 
of colourless impurities which may make it useless for some purposes, 
whereas, from its colour, a dark sand might Ik? rejected in preference 
to a light-coloured one. * , 

• The colour of sands may vary considerably in different strata. 
Thus, the? top beds of a dej^sit may be coloured deeply by carbon- 
aceous matter, whilst lower down tin* sand may be perfectly white. 
Another example of a change in colour of the strata is where a 
bed of sand is in close? association with another bed containing 
reducing agents, such as humic acid. In such cases a brown 
sand may be partially bleached where it is in contact with the 
other bed. 'Phis may not necessarily mean a great change in 
composition, but simply that the iron compounds in the sand may 
be reduced from the ferric to the ferrous state. Many sand deposits 
which have been exposed to the? weather for some time show various 
tints of yellow or brown. This coloration, or discoloration, is due 
to the oxidation or rusting of the iron oxide which the sand contains. 
The depth to which the weathering has penetrated is often shown 
by the colour of the deposit, and the brownish tint may become 
lighter at increasing depths of the deposit where the action of the 
weather does not occur to the same extent. The effect of weathering 
is particularly noticeable in soft sandy rocks, which are frequently 
covered with a thin layer of stained rock, whilst the interior of 
the mass may be much lighter in colour. The limit of weathering 
and discoloration is often irregular, and depends to a large extent 
on the porosity or permeability of the deposit. Thus, the presence 
of a clayey sand bed may stop further penetration of water, etc., 
and so prevent, or at any rate lessen, the discoloration of the beds 
below it, on account of the clay being less permeable and arresting 
the percolating water. 

Discoloration due to weathering may be distinguished from 
discoloration due to change in composition or from other causes, 
by the fact that the former commences at the surface of a deposit 
and tends to be most pronounced along fissures, joints, or along 
the trails of plant-roots. Thus, variations in colour in different 
strata of sand in the same general bed may, but do not necessarily, 
indicate some 'appreciable difference in composition, nor is the 
colour a reliable guide to the purity of a sand, as the amount of 
impurity producing the colour may be quite small in proportion 
to the colour it produces. 

The colour of sands is due partly to organic and carbonaceous 
matter and partly to the minerals it contains. A pure quartzite 
sand, or one containing only colourless impurities, such as felspar, 
mica, etc., will be almost pure white, whilst the presence of iron 
gives to the sand a yellow, red, or brownish tint, which varies 
according to the nature of the iron compounds present and the 
proportion in which they occur. Magnetite will give black sands ; 
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haematite. on tin* other hand, will give the sand a reddish tinge, 
whilst if the iron oxide is hydrated (liinonite) the eolour takes 
various shades of yellow or brown. A greenish tinge may be seen 
in sands containing any appreciable proportion of iron in the ferrous 
state or as iron silicate. (Sec in low.) 

Pther impurities, if present in sufficient quantity, may give 
characteristic colours to the sand. Thus, the (Ireensands owe 
their colour to the presence of green oi* brown glauconite (p. ISO). 
Brown sands may be due to the presence of manganese. Dark- 
coloured sands may also be due to the presence of iron silicates 
such as hornblende, augite. etc., titanium minerals such as rutile, 
or to zircon or other dark-coloured dctrital minerals. Olive-green 
or bluish -green colouring is usually due to the presence of ferro- 
magnesian minerals and their alteration-products, such as chlorite 
and serpentine. For further information on the nature of various 
coloured sands see Chapter III. 

The colo’ur of sands may change when they are heated. Thus, 
a dark colour duo to carbonaceous matter may be destroyed, the 
carbon being converted into volatile compounds or into carbon 
dioxide, whilst any ferruginous iron which may be present may 
be converted into the ferric state, thus giving a light-coloured 
sand a darker shade. Any hydrated iron oxide, or any magnetite, 
which may be present may Ik* dehydrated and oxidised, forming 
a red instead of a brown or black sand. 

The transparency of sands depends on the nature of the minerals 
present and on the impurities which occur in them. A pure quartz- 
ite sand may consist, almost wholly of clear, transparent grains, 
but the presence of impurities may cause the grains to become 
opaque or clouded. The same effect, occurs with other minerals 
such as felspar, etc., partial decomposition in the latter giving 
clouded grains. Thus, a sand may consist of transparent, trans- 
lucent, or opaque grains according to the amount of impurities 
present. 

In some eases, a sand may appear to consist of opaque grains 
which are translucent, or even transparent, when in the form of 
tiny fragments. Thus, the edges of black flint grains are often 
translucent. Dinas sand is also transparent if examined in thin 
sections. 

The lustre of sands is a useful guide to their composition and to 
the presence of certain minerals in them. Thus, the silvery lustre 
of mica flakes in a sand is readily detected, whilst some other 
characteristic lustres are also noticeable. Quartz has a vitreous 
lustre, whilst metallic grains have a characteristic and unmistakable 
appearance. The lustre of minerals depends largely on their 
surface ; if the latter is dull and corroded the mineral will not have 
so brilliant a lustre as when a jierfectly new and fresh surface is 
examined. 

Refraction. — The action of sands ujH>n light transmitted through 
the grains is of great importance in determining the nature of the 
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constituent grains. Many crystals and grains having a crystalline 
structure have the power of turning a ray of light passed through 
them, the relative turning (or refractive) power being expressed 
by a figure termed the refractive index , which is constant for each 
mineral ; by this means it is possible to determine the nature of 
some of the grains being examined. The refractive indices of, the 
principal minerals likely to occur in sandhis shown in Table XXXIV. 
The use of the refractive 'index in estimating the proportion of 
various minerals in sands is described in Chapter VI. 

Table XXXIV. Refractive Indices 



Mux. 

Min. 


Max. 

Min. 

Anatase 

2-489 

Hyporstheno . 

1 -705 

1 -082 

Andalusito 

104:1 

1-032 

Kaolinito . 

1-f 

>03 

Albite 

1 -534 

Kvanito . 

1-729 

1-717 

Andosine . 

if 

58 

Labrudorite 

If 

55 

Anorthito . 

if 

82 

Lepidolito 

1 00 

Apatito 

1 -038 

1-034 

Leucite 

1-f 

08 

Augito 

1 -723 

1-098 

Mierocline 

1 -520 

1-519 

Barytos 

1-047 

1-030 

Monazite . 

1-841 

1-790 

Biotito 

10 

l -50 

Muscovite 

1 *001 

1-503 

Brookito . 

2-741 

2-583 

Nephelino 

1-f 

>4.3 

Bytownito 

2-74 

Oligoelase 

1 -544 I 

Calcito 

1-058 

1-480 

Olivine 

1 -089 

1 054 

Cassiterito 

2-093 

1-997 

Opal . 

l -4 

15 

Colestite . 

1-031 

1-022 

O rthoc-la.se 

1 -525 

1-519 

Chalcedony 

1 -55 

I’hlogopite 

1-00 

Chromite . 

Very high 

Pyrophyllite , 

1-57 

Cordiorite . 

1 -544 

1-535 

Quartz 

1 -553 

1-544 

Corundum 

1-709 

1-700 

Rutile 

2-903 

2-010 

Cristohalite 

1-484 

Serpentine 

l-f 

>7 

Diamond . 

2-42 

Sillimanito 

1 -082 

1 -000 

Diopside . 

1-7 

Sodalite . 

1-48 

Dolomite . 

1-082 

1 -503 

Spinel 

1" 

2 

EnHtatite . 

1-07 

1-00 

Staurolite 

1-740 

1-730 

Epidote . 

1-740 

1-714 

Strontianite 

1-52 

Fluorite 

1-434 

Titanito . 

2-008 

1-899 

Garnet 

High 

Topaz 

1-027 

1-018 

Glaucophane . 

1-039 

1-021 

Tourmaline 

1-64 

1-02 

Gypsum . 

1-53 

Tridymite 

1-477 

Halloysit© 

1 -53 

Xenotime . 

1-810 

1-7£1 

Haematite •>. 

3-22 

2-94 

Zircon 

1 -993 

1-931 

Hornblende 

1-04 

1-68 





Minerals which do, not turn tho ray of light to any appreciable extent are termed isotropic. 


Some minerals are double refracting, i.e. they turn a ray of 
white light through several different angles, so that the rays are 
termed ordinary and extraordinary, or “ fast ” and “ slow ” rays. 
The maximum difference between the two rays is termed the 
birefringence of the mineral, and this value also is of use in dis- 
criminating between the constituents of sand. 
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Hardness. — The hardness of a sand as a whole cannot, be 
expressed by a simple figure, as ifc dejiends on the constituent 
minerals present. A knowledge of the hardness or durability of 
sands under abrasion is chiefly required where the sand is to be 
used for abrasive purposes, in which case the information desired 
is usually 

(i.) What is the 1 hardest- mineral present ? 

(ii.) In what proportion does it occur ! 

The abrasive action of a sand upon some other material will bo 
equal to that of the hardest constituent, but unless the hardest 
constituent is the predominating one it may Ik* undesirable. Thus, 
a soft abrasive* containing some hard particles would l>e useless, 
as the soft abrasive would polish, whilst the harder particles would 
scratch. If the effect of the hard particles is desired, the softer 
particles are useless, and a sand containing a much larger proportion 
of the useful particles should be employed. The hardness of a 
sand must, therefore, be expresses! partly as the hardness of the 
predominant constituent and partly as that of the hardest material 
present. By knowing these figures, and also the proportions of 
any softer minerals which may be present to a noteworthy extent, 
it is possible to determine the usefulness of a sand as an abrasive. 
Most sands consist of quart./ grains which have a hardness of 7. 
according to Mohs' scale. Felspar is slightly less hard than quartz 
and is equivalent to (i in Mohs' scale. The average hardness of 
most sands is (i-7. The presence* of other minerals may accentuate 
or diminish the usefulness of a sand as an abrasive. Table XXXV. 
shows the hardness of the principal minerals likely to occur in 


'Paulk XXXV. Hakonkss <jf Minkkalk (based on Mohs’ seulo) 


Anatase 

llanlm ss. 

. 5-5-0 

Felspar 

1 ItrO nt hs. 

. 0 

Opal 

llanliicHM. 

0 

AridaluHito 

. 7-5 

Fluorspar 

Garnet 

4 

< )rt hoelase 

0 

Apatite . 

5 

. 7 

IMilogopitc 

2-5 

Augite . 

5-5 

Glauconite 

«> 

IMagioelase 

0 

Barytes 

. 2 *5*3*0 

Glaueophane 

0-0-5 

Pyrites . 

0-5 

Beryl 

. i •;> 

Gypsum . 

2 

Quartz . 

7 

Biotit e . 

2 5 

Haematite 

0 

Rutile . 

0-5 

BrooUite 

. 5-5-0 

Hornblende 

. 5 5 

Serpent ii** 

4 

Calcito . 

. 3 

Hypersthene 

. 5-5 

Sidorite 

3-5-4 -5 

Caasiterite 

. fl-5 

Jlinenite . 

5*5 

Sillimanite 

0-7 

Celestine 

. 3-5 

Kaolinite 

. 2-2 5 | 

Sphene . 

5-5-5 

Chalcedony 

. 7 

Kyanite . 

. 5-7 

Spinel . • 

8 

Chromite 

. 0 

Lepidolite 

. 2-5 

Staurolite 

7-5 

Columbite 

. 6 

Limoni to 

. 5 5 i 

Titanite 

5*5 

Cordierite 

. 7-5 

Magnetite 

. 5 ! 

Topaz . 

8 

Corundum 

. 9 

Microcline 

. 0 1 

Tourmaline 

7-5 

Diamond 

. 10 

Monazite 

. 5-5 

Treinolite 

5-5 

Dolomite 

. 3 5 1 

Muscovite 

. 2-5 

Wolframite 

5 5 

Enstatito 

. 5-5 

j Nepheline 

. 5-5 

Xenotimc; 

4-5 

Epidote 

. 6-5 

1 

Olivine . 

. 0 5 

Zircon . 

7-5 


t* 


VOL. I 
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sands, so that their effect on any particular sand may be readily 
found by determining the proportion of each mineral impurity 
present and then referring to its hardness in the table. 

If a mineral having a desired hardness occurs in a sand to a 
sufficient extent, it may be preferable to separate it from the 
other constituents and t(f use it in a more concentrated state. 
For this reason garnet, corundum, diamonds, etc., are sometimes 
separated from sands in which they occur. 

Further information on the hardness of sands will lie found in 
Vol. II. Chapter NTII. 

Texture. -The texture of a sand is a very important proj>erty 
and one on which its value largely depends. Sands in general 
consist of a mass of small irregular grains of various sizes aggregated 
more or less closely together. The state of aggregation varies 
considerably with the situation and the various weathering actions, 
etc., to which the sand has been exposed. Thus, a sand may be 
loose and incoherent \ the particles being quite separate, as in dry 
wind-blown sands, such as desert and dune sands. Where a quantity 
of clayey matter is present the sand may be slightly coherent, 
forming an earth}/ mass. Where the sand is partially cemented, 
yet still easily reduced to a powder, it may be termed pulverulent 
or friable according to the coherence of the* particles. Where a 
sand has been more completely consolidated into a sandstone or 
sand rock it may be termed compact , flint}/, shahp or foliated , 
according to its structure. 

In some cases, the entrance of limonite and other impurities 
pauses the formathin of crusts or hard masses in a sand deposit ; 
these may form a rusty network of “ chunks," nodules, strips, 
or layers which may seriously interfere with the quality and winning 
of the sand. Such concretionary lumps are common in some 
calcareous sands. 

The proportion of grains of various sizes is of great importance 
in the use of sands, and a knowledge of the various grades present 
and the proportions of each is essential to the proper use of the 
» material. In agriculture a knowledge of the coarseness of the 
sand grains in the soil is of great value, whilst in the filtration of 
water through sand-beds the grading of the sand has a great 
influence on the capacity of the filter— a matter of utmost import- 
ance. In brick-making, foundry practice, glass-making, and many 
other industries a knowledge of the grading of the sand is necessary. 

The grading of loose detrital particles may be to various 
classifications. Table XXXVI. shows three standards which have 
been adopted by different workers. 

These classifications are similar to one another and there is 
little to choose between them. In order to save confusion, however, 
it is best when expressing the results of a mechanical analysis 
of a sand to state what standard is adopted for each particular 
term, such as “ coarse sand,” “ fine sand,” etc. ; if this is not 
definitely stated, difficulties may arise. 
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Table XXXVJ. — Classification of Chains 


Term Applied. 


Ni»- «>t Particles in mm. 

! I 

,M«‘IK»r. ! ItusM rll. I Sotfer. 


I (I ravel 

Very coarse sand 
Coarse* sand 
Medium sand . 

Fine sand * 
j Superfine sand 
; Silt .... 
i “ Clay ” or “ I)ust ” f 


; 1-27.12*7 • Over 2 

! .. : 1-2 

o-107-i o-.vi 

o-2.vo-r# 

0 0030-107 0 1-0-2‘j 

j j 0-03.0-1 

| o ■ o I .o • cmi;! o oi o-or* 

; Less than 0 -0 1 1 Less than 0-0 1 


Over o:i:i 
0-04-0-33 

0 023-004 
0-01 -0023 
Less than 0 01 


• Mollor uses the term “irrit." which implies an auouhir material, so that "line sand " 
Is preferable, es|H*cially as " yrit ” Is a definite ircolmrinil term with another HiiMiillaincr. 

t Tile term " (lust ” Slltftfested b\ Mellor is preterahle to Seder’s term " clay Sll list a lire " 
or I (os well’s " clay grade,” as the residue usually contains other substances besides clay. 


It is very convenient to have stunt* simple means of ox pressing 
the coarseness or fineness of sands so that dilTcrcni samjiles can 
be compared readily. Various methods have been surest cd for 
doing this. An ingenious method suggestetl by \V. Jackson 
consists in finding a “surface factor ** for each sand which serves 
as a basis of comparison. This factor is a single number based 
on the average surface of the particle*, anti depends on the fact, 
that the finer the particles the greater Ihe surface of the whole 
unit mass. The* average diameter of such small particles may 
be found for particles less than 0-.H3 mm. diameter by multiplying 
the weight of the fraction whose extreme diameters are 
mm. mm. 
o to o-oio i.y 
0-010 to 0 02.7 .. !MJ2 

o-o2:» to o-oio ,, ;» l s 
o-oto to 0330 „ oi 

adding all the products together and dividing by 100. Thus, if a t 
sand contained the following sized particles. 


mm. mm. 


o to o-oio . 

4-5 

0-010 1o 0 023 . 

10-3 

0-023 to 0-040 

3-0 

0-040 to 0-330 

82 -2 


loo o 


Jackson’s surface factor’* is 1014, which is found as follows: 

4 -r» .< 3307 : I 3 i 5 i-r> 

10-3 x 002 0008-0 

3-0 ✓ 5 IS 1 534 -0 
82-2 x 91 - 74802-0 


101 4 KM 
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which, divided by 100, gives 1014, A finer sample would givflga 
larger surface factor, and a coarser sample would give a smaller 
one. For larger sizes of particles the same principle may be applied, 
though it is not so accurate. Thus, the following factors may 
be used : 


Average 
< Diameter. 

Pussing through u No. sieve . . .0-4 mm. 


25 „ 

. 0*5 

„ „ 12 „ 

. H) 

„ „ 5 „ 

. 2-5 

Thus, a washed sand consisting of 


Particles. 

Per Cent. 

1 ■() — 2-5 mm. . 

. 10 

0-5—1 -0 „ 

. 82 

0-4 -0*5 „ 

8 


LOO 


will give 

10 x o : 90 

82 x 22 - IS8<> 
8x20 288 


Factor.' 

45 

36 

23 

9 


2204 


and would have a surface factor of only 22*0. 

* In English measure, the factors are as shown in Table XXXVII. 


Tatjlh: XXXV4I. — Surface Factors * 



Sieve. 

Diameter of Particles. 

Nature. 

Factor. 

A 

On Sieve No. 1 .... 

Above 0 5 in. 

Stones 

Nil. 

B 

Between Sieves Nos. 1 and 10 

„ 005 -0*5 in. 

Gravel 

0-27 

0 

„ „ 10 „ &o . 

„ 0 01 -0 05 in. 

Coarse sand 

20 

D 

„ „ 50 „ 100 . 

„ 0 005 -0 01 in. 

Medium sand 

13*2 

E 

„ „ 100 ,, 200 . 

„ 0 0025-0 005 in. 

Fine sand 

22-6 

V 

„ 200 „ washing 

Waslied out. hy a stream 0 42 in. 
l>er minute 

„ 0 0004-0 0025 in. 

Silt 

53-9 

G 

Below U 0004 in. 

Clay and dust ' 

350*0 


* The sieves In this table are standard sieves In which the diameter of the wires exactly 
equals that of the aiH’rtures. 

* 

If the weight of each fraction be represented by the letters in 
the first column in the above table, the surface factor is 

0-27B + 2*60 + 13-2D + 22-6E + 53-9F + 359G. 

The figures in Table XXXVIII. show the surface factor of 
several well known sands in accordance with the factors in Table 
XXXVII. 
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Tablk XXXV III. —Surface Facto us of Moulding Sands 


Sami. 

A. 

0 . 

' 

... 

i:. 

l\ 

(i. 

Surface 

IVtor. 

Medium Krith 


0-03 

MU 

o:u 

42 74 

28-52 

27 17 

12,205 

Fine MuiiHfield . | 



l ;>u 

3-ti f 

•10-03 

31-73 

22 21 

10,057 

Coarse Mansfield 

001 

0-74 

3-:io 

IS- 42 

07-17 

(i 40 

:isi 

3,497 

Stourbridge 

! 

0-22 

s-30 

IS -03 

54 -70 

II 04 

0-08 

j 4,472 


This method is generally accurate enough for most purposes, 
hut Mcllor has shown that the arithmetical mean of the limiting 
diameters is not the true average diameter of the fractions and that 
a truer value is 


Average diameter 


3 /(I) . d) (l>- W-) 

V 4 


where I) is the maximum diameter and d is the minimum diameter 
in any given fraction. 

He has also suggested that the surface factor should he calculated 
from the formula 

V V > ■ 

s V d x ' <!., ' d, 

where S denotes the mean specific gravity of the powder, 
Wj, VV 2 , W 3 , . . . the respective weights of the fractions, 1, 2, II, . . , 
per unit weight of powder (commencing at the finest), and 
if i, d 2 , d :t , . . . the corresponding average diameters of the grains 
in the respective fractions. 

A method adopted by the American Foundrvmeivs Association* 
for expressing the relative fineness of sands consists in multiplying 
the weight of sand passing through each mesh and being retained 
by the next smaller mesh, h}' the number of the mesh, and dividing 
the sum of these products hv ltiO. Thus, suppose a sand consists of 


Over 20-mesh . . . . 2-8 

20-40 40 0 

40-00 „ . . .27-2 

00-80 »•« 

80-100 4-8 

Ja *88 than lOO-mesh . . . ISO 


1000 


the calculations would be as follows : 
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2*8 x 0 


40 0 x 20 . 

800 

27*2 x 40 . 

1088 

9*6 x 60 . 

576 

4*8 x 80 . 

. 384 

15*6x100 . 

. 1560 

* 

4408 


which, divided by 100, gives 44 08. This method is quite simple 
and is satisfactory for most purposes, for, though the figures 
obtained do not agree with those of other methods, they are com- 
parable among themselves. 

M 



Another method of representing the mechanical composition 
of sands, proposed by M. Feret, 1 is shown in Fig. 10. M. Feret 
separates the sand to be tested into three grades as follows : 

Ormlo. Drurriptlon 

Largo (G) passing through 5 mm. (0-2 in.) holes or approximately 5-mesh. 

retained by 2 „ (0-070 in.) „ „ 15-mesh. 

Medium (M) passing through 2 „ (0 079 in.) „ 15-mesh. 

retained by 0*5 „ (0*020 in.) ,, ,, 46-mesh. 

Fine (F) passing through 0-5 „ (0*020 in.) „ „ 46-raesh. 

He calculated the percentage of each sand as a proportion of 1 
and plotted the composition of the sand on a triangular diagram 
as shown in Fig. 10. 

1 M. Foret, Annales des Fonts et Chaussdes, 1896. 
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In this triangle a series of lines is drawn parallel to eaeh side, 
and eavh side may lie used in turn to indicate the proportion of 
particles of each grade. Thus, a sand composed of 

4H per cent of coarse v rains (grade (!) 

U. r > .. medium grains (grade M) 

17 tine grains (grade K) 

would lx* represented by the point A «( I'itr. 10). The point (i is 
taken to represent* a sand comjHised wholly of grade* (J. so that, 
starting with the line FM as a hast* and proceeding towards (t, the 
point representing 4S per cent of grade (1 must lie* somewhere 
between the line 04 (J. and 0*0 K.and the line O o tJ.-O o F. Similarly, 



Fin. 1 1. -Boswell's grading graph. 


the point representing Bo ]x*r cent of grade M must lx*- between 
the line 0*6 (4. -04 M. and the line 0-7 (J.-0-3 M.; and the. point repre- 
stinting 17 per cent of grade F must lie lx*tween the lines 0*1 F.-(M)M. 
and 0*2 F.-0-8M. The single point A which fulfils all these con- 
ditions represents the granulometric comjxjsition of the sand. 

A very convenient method by means of which the coarseness 
or fineness of different sands can be* compared is that adopted 
by Boswell, in which the limits of grade size are marked off in a 
graph horizontally as abscissae (proportionally to the logarithms 
of the diameters of the particles), and the “ cumulative percentage 
weights ” of the grades vertically as ordinates. By this method 
graphs are obtained similar to those shown in Fig. 11. A sand 
in which all the grains are of uniform size would be represented 
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by a vcrticakline, such as AB, in which all the particles are 2-0 mm. 
diameter, CD Would represent a sand with particles all 0*25 mm, 
diameter, EF a silt having all the grains 0 045 mm. diameter, 
and GH a “ clay” with all the grains 0 005 mm. diameter. Such 
compositions are not found in nature, but their typical positions 
are shown. The curve TU represents a sand, from Kynance Cpve, 
Cornwall, in which the grain size is ver^ uniform, but not entirely 
so. The curvo WX is a ldta.ni or a mixture of sand and clay, and 
is, consequently, much flatter, whilst the glacial clay YZ is even 
more so. A comparison of curves of sands produced in this way 
readily shows their general characteristics in a very convenient 
manner. 

Fuller plots the mechanical analyses of sands on a graph in 



0 05 O10 0*15 0*2.0 


Fig. 12. — Fuller’s grading graph. 


which the percentages of par tides are marked on the abscissae and 
the sizes of the grains in inches on the ordinates. He found that 
the graph of a perfectly graded sand w r as in the form of a parabola 
constructed according to the formula 

, P 2 D 
10 , 000 ’ 

where D is .the largest diameter of particles, d is any given 
diameter, and P is the percentage of the mixture smaller than d. 
Fig. 12 shows the graphs of three sands plotted in this manner, 
including a perfectly graded mixture. 

In most sands, the particles of heavy minerals are smaller than 
the average quartz and felspar grains, as the speed of the wind 
or water required to move a quartz grain of a certain size will not 
move a heavy mineral grain of the same size. Consequently, sands 
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and similar deposits contain a larger proj>ortion of heavy mineral 
grains .among the finer grades of sand. In the dune sand of the 
Balgownie Links, near Aberdeen, Boswell found that practically 
the whole of the heavy minerals are contained in the line sand, 
these heavy mineral grains varying from 01 mm. to 0-23 mm., 
whilst the size of the quartz grains is from 0-2f> mm. to 1 mm. 
According to (Jilligan, almost the whole of the heavy minerals 
in the Millstone Grit will pass through a 00 mesh sieve. 

The mica grains present in sands an* usually much larger than 
the average size of the heavy minerals present, on account of their 
flaky nature which enables larger fragments to lie carried by wind 
or water than would bo the ease if the grains were more compact, 
as arc those of the heavy minerals present. Tin* mass of the mica 
grains is, however, generally loss than that of the more compact 
minerals. 

Table XXXIX.. due to Boswell, shows the size of the miea 
grains in various sands compared with the size of the heavy minerals 
present. 

Taiilk XXX IX. -Sizks of Mica and Hkavy Minkkal Chains 




Heavy 

Minerals. 


Mm. 

Mm. 

Bun tor Bobble Bod 

0-5 

0-25 

Yoovil Sands 

0-25 

o-ort 

Lower (Ireonsand 

(ISO 

0-25 

Thanet Sand 

ol 5 

004 

Clay gate Bods 

015 

0-05 

Cray Boxstones . 

0-55 

0-20 

Lonhurn Bods 

0-40 

! 

0-20 


The relative fineness of the various sands used in this country 
has not been investigated to any great extent and there is com- 
paratively little information available. Some of the best investiga- 
tions which have been carried out as yet have l>cen made by 
P. G. H. Boswell, with a view to determining the use of sands for 
glass-making and other purposes. , * 

Further information as to the grading of particular sands will 
be found in later chapters. 

The shape of the grains in a sand may vary from sharp angular 
forms which have not been abraded to any great extent, to highly 
abraded and fully rounded grains. Sorby has classified sands into 
the following grades with reference to the sha])C of the grains 
present : 

1. Fresh angular grains derived from the breaking up of granitic 
or schistose rocks (Fig. 13) and the slightly less angular 
fragments often know r n as “ sub-angular ” grains (Fig. J4). 
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2. Well-worn sand in rounded grains, the original angles being 

completely lost (Fig. 15). 

3. Sand having the grains chemically corroded so as to produce 

a jwculiar texture, different from that of worn grains of 
crystals. 

4. Sand with a perfect crystalline outline (Fig. 10). 




Fiu. 13. — Angular grains. 


Fio. 14. - Sub-angular grains. 


Sands which have been produced by tile simple disintegration 
of rocks in situ , or which have not been moved to any great extent, 
generally consist of sharp angular grains if the rock from which 



Fiu. 15. — Rouuded grains. 



they have been formed consists of such grains cemented together. 
If the rock from which they have been formed consists of rounded 
grains, the sand will likewise consist of rounded grains, but sand 
produced by the . disintegration of igneous and metamorpbic rocks 
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usually consist, of sharp angular grains. Claeial sands arc usually 
quite sharp and angular. This is due to the fact that t.ho abrasion 
to which they an* subjected is more in the nature of sliding than 
rolling, so that their angular outlines tend to bo preserved. 

Sands which are subjected to continual attrition by transporta- 
tion from place to place gradually lose their angular forms, the 
confers becoming worn and forming sub-angular, or even round 
grains. The extent to which the gratis an* rounded is a good 
indication of the extent to which they have been subjected to 
abrasion. 

Sometimes grains of sand may be rounded to some extent , and 
then cemented into a solid stone by the infiltration of a cementing 
medium such as lime, iron compounds, etc., the stone being after- 
wards broken up, and the resulting grains again subjected to 
abrasion, thus causing further rounding. Hence, the rounding 
of the grains may continue through various geological periods 
until the angularity is entirely lost. The sand found in some 
pot-holes, where it has been continually abraded for a very long 
period of time without being able to escape, is very much rounded 
in this way. 

Some minerals, even after prolonged abrasion, do not acquire 
rounded outlines. Thus, mica splits into thin laminae or flakes, 
hut never forms rounded grains. Other minerals have definite 
cleavage planes and tend to break into particles of smaller size, 
but always retaining an angular form. Calcspar is a typical 
example of this. Organic shell- remains, even after long-continued 
attrition, also retain their angular outlines. 

Some accessory minerals are “ included '* in quartz grains 
during part of their journey, and an* protected by the surrounding 
quartz and so are less rounded than similar grains which have been 
exposed for the same time to abrading actions. 

The degree of rounding which sand grains undergo dcjxmds 
on the following conditions: (r/) the volume of the particle; (h) its 
specific gravity, SC; (e) the distance travelled, I); {(I) the velocity 
of movement, V; and (r) its hardness. The amount of rounding 
by wind action may Ik? calculated by the following formula: 

. Volume x SC x I) x V 
Hardness 

and that for water action by the following: 

^ __ Volume x (SC - l) x d x v 
Hardness 

The most rapid cause of the rounding of sand grains is when they 
are carried by wand, as in the formation of desert sands. The 
particles composing such sands are continually coming into violent 
contact with each other, and with other rocks, and are rapidly 
rounded, forming a characteristic type termed “ millet seed ” sand 
on account of the perfect rounding of the grains. 
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Some of the Hunter Hands of Lancashire and Cheshire flow' 
through the fingers like shot. These sftnds have probably been 
formed on a Triassio desert. 

The grains of dune sands along the sea coasts are not so rounded 
as desert sands, as, although they have been accumulated by the 
action of the wind, the abrasion has not been sufficiently prolonged 
to cause very much rounding of the j particles. The difference 
between the round ness of the grains of sand formed in water and in 
aeolian deposits is well shown in Table XL., by Dr. Mackic. 

Tahlio XL. — Koundinu of (Drains 




Percentage of Ural ns. 



Angular. 1 

Sub-angular. 

Hounded. 


r River sand from orystalllno 
rocks. River Spey 

Nearly all 

35 

Few 


Watnr | 

' Bouth sand near mouth of Spey 
| (Lossiemouth) 

42 

23 


(Jamofiforous black shore sand 

1 (Macduff) .... 

48* 

23 

20 


f Dune sands (Cublin) 

20 

30 

50 

I/l/Dl I l* 1 

air 

Roptilifcrous sandstone, Tri- 
[ assic 

5 

10 

76 


• J>u<* to the presence of garnet. 



The r 

elation between the amount of rounding sustained by water 

and air action may be expressed by the formula 




R SGxDxV 
r .(»SG - 1 ) x d x v' 

where R equals rounding bv wind action, r equals rounding by 
water action, SG equals specific gravity of material, D equals 
distance travelled in air, V equals velocity in air, v equals velocity 
in water, d equals distance travelled in water. 

The apparent specific gravity of a particle in air is always greater 
than that in water, and the velocity of movement is also much 
higher. The distance travelled by the grains is very difficult to 
estimate, as in air they may be carried for great distances, whilst 
in water the cumulative effect of many rollings backwards and 
forwards, or of short swirls, may exceed the effect of a great distance 
travelled by wind-blown grains. The smallest grains of sand 
formed in rivers and seas are much less rounded than the larger 
ones, as the former are more buoyant and are held longer in suspen- 
sion, so that they are not exposed to the same amount of attrition 
as the heavier grains which remain at the bottom. Another reason 
for the less rounding of small grains of sand, especially when they 
are in water, is that a film of water protects each grain from impact. 
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In air the size at which no further rounding takes place is far 
smaller than in water, though its actual limits are not definitely 
known. According to Holmes, the smallest rounded aeolian 
particles are between 0 03 and 0 04 mm. in diameter, whilst the 
smallest water-worn particle recorded is 0-5 mm. 

JThe rounding of grains of other minerals may also depend on 
the frequency with which r thcv come into contact with grains as 
hard as, or harder than, themselves* If such occurrences are 
infrequent, the grains tend to remain angular. 

The extent of rounding of the grains varies also according to 
the nature of the material composing the grain. They may be 
angular as a result of their hardness, or because they have not been 
weathered to any great extent, or they may be* of aeolian origin. 
On the other hand, they may be rounded to a greater or less extent 
as a result of water action or on account of their softness. 

The shapes and sizes of grains in a sand are very important 
for some purposes, and whilst grains of certain sizes may be very 
desirable in some industries, they may be quite unsuitable in others. 
Thus, for building purposes, a clean sharp sand with grains of many 
sizes is desirable, rounded grains being of little value, but for glass- 
making a uniform round -grained sand is most valuable. The 
particular characteristics of sands for sjwcial purposes are deserilied 
in Vol. II. under the various industries for which they are used. 

Specific Gravity. - The specific gravity of a sand is the average 
weight of its particles considered separately, relative to that of an 
equal volume of water. The use of the term “ sjiecific gravity ” 
is restricted to that of the grains themselves and does not take 
into account the; air-spaces between the particles. A figure which 
relates to a mass of sand and includes the air-spaces is termed 
the “ apparent specific gravity ’* or “ volume-weight.” 

The specific gravity of a pure; quart-zone sand is equal to that 
of quartz, namely 2- bo, but the presence of other minerals may 
change this to a greater or less extent, according to the amount 
of impurity present and the specific gravities of the various con- 
stituents. Usually, the specific gravity of ordinary sands is l)etween 
2*5 and 2-7. 

Siliceous sands containing silica in forms other than quartz 
may have a less specific gravity, as shown lx*Iow r : 


SpprUltf Gravity? 

Quartz sand . 2di.51 

Ueysmtc .... 2dl51 

Flint 2 -M2 

Chalcedony 2 007 


Density is a term w hich is often used very loosely in connection 
with sand. Strictly speaking, it relates to the specific gravity of 
the particles forming the mass, but it is occasionally used to indicate 
impermeability, a sample of sand being, in this sense, said to be 
dense because air or water will not penetrate easily into it. 
Occasionally, the terra density is used as distinct from specific 
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gravity to indicate the relative weight of the whole mass, and not 
that of each particle considered separately, or the average of all 
such particles. In this sense, the density changes with the treat- 
ment undergone by the sand, whilst the specific gravity remains 
constant. It is far tatter in such cases to employ the term volume- 
weight, as, although this is more cumbersome, it indicates more 
clearly the meaning of the figure, the weight of a mass of 
ascertained volume, that of- an ecpial volume of water being taken 
as unity. The volume-weight of sands is usually about 1 *9, but 
varies according to the sizes of the particles and the extent to which 
the mass has been compressed. 

Weight. -The weight per cubic foot of sand varies according 
to the nature of the minerals it contains, the size and shape of the 
particles, and tin* pressure, if any, to which the mass has been 
subjected. On an average, 1 cubic foot of loosely heaped sand 
will weigh 1201b., but this figure is of general rather than particular 
application. For example, the following figures were obtained 
with typical sands from three different sources: 

Kivrr kiiihI . . . I IN lh. per nil. ft. 

Pit- sand . 102 ,, 

Thames sand Hill 

Sand containing moisture has a smaller weight per cubic foot 
than dry sand, as each grain of sand coated with a thin film of 
water has a slightly greater volume than that of the dry grains. 
This decrease in weight is specially noticeable in the ease of tine 
sand, as it has a greater capacity for receiving films of water on 
account of the greater surface area of the grains relative to their 
mass. As the size of the grains increases, the difference in weight 
is less and less marked, until with particles of gravel J in. or more 
in diameter the effect is practically nil. 

Very wot sand may weigh more than the same volume of the 
same sand when only slightly moistened, as the excess of water 
will occupy the interstices between the particles which would 
otherwise he tilled with air. This may easily be shown by weighing 
a box filled with dry sand, and then pouring in as much water as 
the sand will absorb without any appreciable increase in volume, 
and then re-weighing it. On allowing such a wet mass to drain, 
the excess of water will run away, leaving a moist mass which has 
a slightly less weight per cubic foot than the same sand when 
dry. The effect of water in increasing the volume of a sand and, 
consequently, pf decreasing its volume-weight has been investigated 
by Fuller, who found that the maximum volume is attained with 
about 6 per cent of moisture. 

Porosity. — The term “ porosity ” is sometimes confused with 
permeability, but this should be avoided, and the term porosity 
confined to the proportion of pores, voids, or interstices in a mass 
of sand. These pores are the spaces (usually filled with air) between 
the solid particles, the porosity of a sand varying with the size and 
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shape of the particles of which it is composed. Sands with the 
greatest porosity are those composed of moderately large and 
wholly rounded grains, as sharp and angular particles interlock 
and so give less pore -space than those which have rounded outlines. 
Sands composed of particles of several different sizes will be less 
porous than those containing only one size, as the smaller particles 
occtipy some of the spaces between the larger ones which would 
otherwise be empty. • 

The porosity of a sand will also vary according to the extent 
to which it has been compressed, and the lower portion of a heap, 
or deep bed of sand, will be less porous than tin* upper portion on 
account of the pressure being greater at a greater depth. Hence, 
a sample of sand as received at a laboratory is not a reliable guide 
as to its porosity, cither in the original deposit or in actual use. 

Porosity may bo expressed in either of two ways: 

(a) As a percentage by weight , which is an indirect and somewhat 
misleading expression, as it really indicates tin* weight of water 
absorbed by one hundred units of weight of sand. Thus, a sand 
is said to have a porosity of .Y7-7 per cent by weight, if 100 lb. of 
the sand absorb 37*7 lb. of water. 

(b) As a percentage by volume , which is a much more rational 
expression, as it indicates the relation of the volume of the pores to 
the volume of the whole mass. Thus, a sand having a porosity of 50 
per cent by volume contains equal measures of air-spaces and sand. 

The relation of the percentage by weight to that by volume 
may be found bv the following formula : 

100 P, 

1 M “(100 IMS’ 

where P M , equals the porosity per cent by weight, I\ equals the 
porosity per cent by volume, and S equals the specific gravity 
of the sand. 


This is further shown by the following example : 

A sand having a porosity' of f»0 per cent by volume contains 
50 e.o. of air. 

50 e.o. of solid sand. 

Now r 50 e.o. of air would be occupied by 50 g. of water. 

50 o.c. of solid sand would be occupied by 50 2 *155 1112*5 g. of sand. 

Hut. a sample of sand weighing 1112*5 g. and absorbing 50 g. of wat< r in its 
pores would have a porosity by weight of • 

50 >' 100 : 132-5 ‘17*7 per cent by weight. 

In other words, if -50 and S 2* <15, 


100 >' 50 

lu> (100-50)2*05 


:17*7. 


When estimating the porosity of a sand, as large a sample, as 
possible should be used, and prior to testing it should be rammed, 
compressed, or otherwise treated so as to bring it as nearly as 
possible to the condition in which it will be used ; otherwise serious 
discrepancies may occur, 
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Permeability is the facility with which gases .and liquids pass 
through a material. The permeability of sands to liquids and 
gases is an important property where sands are used for filters, 
moulding, etc. It depends chiefly on the size and shape of the 
particles and on the amount of clayey matter present. The most 
permeable sands are those* with rounded grains of uniform and 
moderately large size, and with the smallest possible percentage 
of clay. The presence of angular particles, small grains, or clay 
reduces the permeability roughly in proportion to the amount 
present. 

Magnetic Properties. — The magnetic properties of sands depend 
very largely on the nature of the constituent grains. A pure 
quartzose sand is n on-magnetic, as the constituent grains of quartz 
are not attracted by a magnet. Some of the impurities in sands 
are, however, magnetic to varying extents. Table XLI. shows the 
relative magnetic powers of some of the; principal minerals found in 
sands. 

Table XLT. — Magnetic Properties of Minkrals 


Highly Magnetic. 

Moderately 

Magnetic. 

Feebly 

Magnetic. 

Almost Non-magnctie. 

Magnetite. 

Titanoforritp. 

Ilmenito. 

Pyrrhotito. 

Haematite. 

Hyporstheno. 

Augite. 

(larnet. 

Siderite. 

Olivine. 

Hornblende. 

Chromite. 

Chlorite. 

Staurolite. 

Kpidote 

Limoni to. 

Actinolite. 

Kyanite. 

Zircon. 

Corundum. 

< l&lena. 

Fluorite. 

Pyrite. 

Cossitoritc. 

Rutile. 

Barytes. 

Most iron-free 
minerals. 


Electrical Conductivity. — The conductivity of sands for electricity 
varies according to the nature of the constituents present (see 
Table XL1L). 

Tablk XLI I. -Electrical Conductivity 


Hood Conductors. 

Moderate Conductors. 

llad Conductors. 

Magnetite. 

Titaniferous magnetite. 
Magnetic haematite. 
Pyrrhotite. * 
Chromite. 

Ilmenito. 

Haematite. 

Wolframite. •• 

Spinel. 

ferriferous eoasiterito. 
Tantalite. 

Iron pyrites. 

Gold. 

Ferriferous amphiholes 
and pyroxenes. 
Biotite. 

Tourmaline. 

Titanite. 

Rutile. 

Anatase. 

Brookite. 

Cas8iterite. 

Siderite. Phlogopite. 

Xenotime. Muscovite. 
Kpidote. Tremolite. 

Olivine. Apatite. 

Staurolite. Andalusite. 
Garnet. Sillimanite f 

Monazite. Fluorite. 
Gypsum. Diamond. 
Quartz. Topaz. 

Chalcedony. Spinel. 
Felspars. Kyanite. 
Calcite. Corundum. 

Dolomite. Celestite. 
Cordierite. Zircon. 
Barytes. 
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The electrical conductivity of some of the constituents of sand 
is of great value in its purification. This property is dealt with 
in greater detail in Chapter IX. 

Viscosity. — The viscosity or resistance to flow of sands is some- 
times very important. It depends on the size and shape of the 
particles. A sand consisting of angular grains will be very viscous, 
as flic grains will interlock ; but a sand consisting of rounded grains 
will flow easily, as the grains slide over each other quite readily. 
Thus, some 'of the Bunter sands will flow through the fingers like 
shot on account of the roundness of the particles. The viscosity 
of a sand is also dependent, to some extent, on the amount of clay 
present in it. If there is sufficient plastic clay to coat each particle 
of non-plastic material, the sand may be held together in a fairly 
strong cohesive mass, whereas if the clay were not present the sand 
would be incoherent and less viscous. Sands containing various 
proportions of clayey matter are suitable for different purposes, 
such as moulding, whilst for other purposes, such as for use as 
building sand, the cohesion of the particles is very undesirable. 

The viscosity of a sand may be strikingly shown by fastening 
a thin piece of cigarette paper over the lower end of a long vertical 
glass tube, into which sand is then poured. The sand will not press 
with sufficient weight on to the paper to break it ; and even if 
a heavily weighted plunger is applied to the sand the paper will not 
be damaged . The viscosity of the sand and the interlocking of the 
grains create so great a horizontal pressure that the full pressure 
is not applied to the paper. 

Toughness. — The toughness of a sand depends on the proportion 
of clayey matter present, and is an important' factor in some in- 
dustries, especially in foundry practice. This property is dealt with 
in greater detail in Vol. II. Chapter VI. 

Deformablllty. — The deformability of a sand is the force required 
to effect a definite alteration in its shape. This is dependent on 
the cohesion of the sand, and on the proportion of clay present; 
it is an important property in moulding sands (see Vol. II. 
Chapter VI.). 

Compressive Strength. — The compressive strength of a sand 
depends on the size and shape of tne particles and the amount 
of binding material present. Sands with angular grains will have 
a greater compressive strength than those with rounded ones, 
as the particles will interlock and flow less readily. Clay, if present, 
will bind the particles of sand together, and so increase the com- 
pressive strength to an extent corresponding roughly to the pro- 
portion of clay present. The crushing strength is least with wet 
sand, rather greater with dry sand, and greatest after the sand 
has been baked. These increases in strength are due solely to the 
corresponding changes in the clay present in the sand. 


VOL. I 



m REFRACTORY PROPERTIES OF SANDS 


Refractory Proi^erties of Sands 

The properties of sands when heated to high temperatures are 
very important for some of the purposes for which sands are used. 

When amorphous silica is heated, it is slowly converted into the 
crystalline form. This conversion is hastened by pressure, or by 
tho presence of fluxes such as sodium carbonate, fluoride, silicate, 
etc., as well as by sodium 11 tungstate and alkali phosphates. The 
action of heat on crystalline silica (quartz) has the effect of producing 
other allotropie forms ; thus, when quartz is heated to a temperature 
of 200°-275 u C. a change occurs and u-quartz is produced. On 
heating to 575° 0., the a-quartz is converted into fi- quartz. This 
change is accompanied by considerable changes in the properties 
of tho quartz, and there is also, according to White, an endothermal 
reaction of 4-3 cal. gr. per gram. /i-quartz° crystallises in the 
hexagonal system, and consequently can be discriminated from 
a-quartz when examined under polarised light. The transformation 
is reversible, and if the quartz is cooled, it is reconverted into the 
a-state, which is slightly different from the natural quartz. 

If the heating is continued above 575° C., a further change in 
allotropie form occurs and cristobalite or tridymite is produced, 
particularly at 1100°- 1300° C., though there is a considerable 
amount of uncertainty as to the conditions under which these 
two allotropie forms are produced. The rate of conversion depends 
largely on the size of the particles, as w ell as on the temperature 
and duration of heating, as small grains are converted into tridymite 
and cristobalite much more rapidly than larger particles. For the 
same reason, amorphous silica is more rapidly converted than 
crystalline quartz, as the minute grains of the former are more 
easily affected by heat. 

Table XLIIL 1 shows the specific gravity of various forms of 
silica after repeated heating. The specific gravity is a reliable 
test of the amount of conversion, and it will be seen that the 
amorphous forms of silica attain a maximum specific gravity very 
quickly, whilst the crystalline forms invert much more slowly. 

Whilst it is possiblo to produce tridymite and cristobalite by 
heating quartz or free silica alone, the action is very slow ; it is 
hastened by. the presence of impurities in the sand, so that the 
conversion is* much more rapid in the presence of fluxes than in 
a pure quartzose sand. 

Effect of Impurities on Inversion. — Le Chatelier and B. Bogitch 
have shown that the various non-siliceous materials which increase 
the rapidity of conversion may be classified as follows : 

(i.) Molten silicates (i.e. fusible substances which at the tempera- 
ture of heating become molten) which dissolve the quartz grains 
and cause the silica to recrystallise as tridymite at about 1200° C. 
The same substances, on prolonged heating, dissolve some of the 

1 Rieke and Endell, Silikat-Zeiischrijt, 1913, No. 2. 
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tridymite and cause it to recrystallise at a temperature of 1500 ° C. 
as cristobalite. 

(ii.) Other natural impurities which may not melt, yet increase 
the rapidity of conversion. 

(iii.) Foreign vapours which diffuse into the grains and so 
increase the rate of conversion. The vapours of some iron com- 
pounds aro very active in this direction, as is shown by the Action 
of flue-dust upon siliceous, materials. 

The action of molten materials in hastening the conversion 
depends to some extent on the viscosity of the liquid. The more 
viscous the molten material the slower is the reaction, whilst, 
conversely, a very fluid liquid increases the velocity of the con- 
version. For this reason, molten calcium silicates, which are 
extremely mobile, greatly increase the speed of conversion ; some- 
times the speed is so great that the quartz is converted directly 
into cristobalite without any tridymite being formed. 

Seaver has found that, under the conditions necessary to 
convert 48*95 per cent of the silica in silica bricks in the absence 
of lime, no less than 77*35 per cent would bo converted if lime 
were present. The relative activity of various impurities in hasten- 
ing the conversion of the silica is given by A. Scott as follows, in 
their order of merit : 

Iron oxide, lime, .magnesia, titanic oxide, alumina, sodium and 
potassium silicates, chlorides, and carbonates. 

Sodium tungstate, sodium phosphate, and lithium chloride also 
appear to facilitate the conversion of quartz into tridymite. 

In most cases, though not in all, the presence of more than 
one oxide renders the conversion more rapid than if only one is 
present. 

Effect of Temperature on Inversion. — Although a high tempera- 
ture increases the rapidity with which the conversion takes place, 
it is not essential, as, provided the duration of the heating is 
sufficiently long, the whole of the silica may be completely converted 
at the lowest temperature at which the conversion commences. 
Ferguson and Merwin found that the minimum temperature 
necessary for the conversion of quartz into tridymite is 870° C., 
the rate increasing with the temperature. At a temperature of 
about 1300° C. the reaction is fairly rapid, and at 1410°-I435° C. 
it attains a -maximum rapidity. Rieke and Endell confirmed these 
figures, but found that a considerable amount of conversion occurs 
below 1000° C. ; they could not find any definite temperature 
which could be described as a minimum, owing to the slowness 
of the reaction. 

When tridymite iB heated to a temperature of 1470° C. or over, 
it tends to be converted into cristobalite. 

The formation of cristobalite is a subject of much controversy. 
At the temperature mentioned above, 0. N. Fenner stated that;,; 
only cristobalite is formed, even when fluxes, which are supposed*? 
to favour the formation of tridymite, are present. Day and 
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Lacroix have produced cristobalite by heating to a temperature 
of about. 1600° C., whilst above this temperature Endell has pro- 
duced cristobalite in the presence of lime, alumina, and iron 
oxides. Minute particles of carbon appear to facilitate the pro- 
duction of cristobalite by acting as nuclei around which the crystals 
forn^ 

Insley and Klein claim Jhat when silica is heated, cristobalite 
is always produced first, but that after prolonged heating at 
temperatures below 1470° (\ tridymite may be formed. Rleininger 
and Ross have found that at 1500° C. about ( ,M) }>er cent of the 
silica in silica bricks is converted into cristobalite, but Seaver 
found practically no tridymite at 1030° (\ 

Table XLIV., due to Seaver, shows the effect of heating coarsely 
ground quartz to a temperature of 1450° (■. for forty hours one 
or more times : * 


Table XLIV. Effkut of Heat on Coah.sk Silica 


Treatment. 

Percentage of Quartz 
ami Calcium Silicate. 

('riHtolialite. 


After first firing .... 

50-57 

48*05 


After second firing 

31*38 * 

(18 02 



If the quartz is more finely ground, as in the case of that used 
for the manufacture of silica bricks, a much -greater conversion 
takes place, as is shown in Table XLV., due to the same worker. 


Tabus XLV. — Effect of Hkat on Fink Silica. 


Treatment. 



Percentage of Quartz 
and Calcium Silicate. 

Cristobalite. 

After first firing .... 

22*65 

77*35 

After second firing 

17*13 

82*87 

After third firing 

16*02 

. 83*08 


H. Le Chatelier regards cristobalite as metastable at^all tempera- 
tures below its fusing point, and suggests that it is only formed 
under special conditions, and that it reverts to tridymite when 
such conditions are not present. 

Fusibility. — When any of the- three forms of silica mentioned 
are heated to a sufficiently high temperature they are converted 
into amorphous (fused) silica. If tne heating of the silica is 
sufficiently slow, the material may pass through its various alio- 
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tropic forms before fusion, but where the heating is very rapid, 
fusion may take place direct from the quartz, the formation of 
other allotropic forms not being recognisable. The temperature 
at which silica fuses depends upon the proportion of impurities 
present and on the size of the pieces of material. When in a finely 
powdered state and heated slowly, pure quartz fuses at q, bo n't 
1500° pure tridymite at 1070° <?., and pure cristobalite at 
102/5° (\ « 

When fused silica is cooled slowly, it reverts into one or other 
of the allotropic forms of crystalline silica, but if cooled rapidly 
it may solidify without reversion. The latter is the more general 
action, but if the glass is maintained for a long period at a tempera- 
ture above 1000° (■. but below its melting point, crystallisation 
takes place and cristobalite may be formed. Several hours’ heating 
at 1/500° (J. will effect this change. The reversion to tridymite 
may also occur if the conditions are suitable, he Ch atelier found 
that, on being maintained for twenty days at a temperature of about 
800° 0., silica reverted to tridymite, whilst Day and Shepherd and 
Brun have also found that in the presence of a “ mineraliser ” 
the ^reversion was effected fairly easily at temperatures between 
800° and 1500° thus confirming Fenner’s statement that silica 
is converted to tridymite between 800° C. and 1470° C. 

Fused silica will not revert to quartz by simple cooling, but in 
the presence of a mineraliser ” a prolonged heating at a tempera- 
ture between 300° (J. and 750° C. will effect the change.; the 
temperature must not rise above 800° C. 

Table XLVL, due to Fenner, shows the changes which silica 
undergoes when heated and cooled : 


Tabus XLVI.- -Inversion of Stlica 


Temperature. 

Product. 

.. 


On heating to about 200° C. 

a -quartz (hexagonal tetratohedric). 

9 9 „ 675° C. . 

p-quartz (hexagonal hemihedric). 

„ „ 870° 0. . 

p-tridymite (hexagonal). 

„ „ 1470° C. . 

P-cristobalite (hexagonal). 

On cooling, the same products are 
formed in « the reverse order 
down to 270° C., after which : 
From 270° C. to 180° C. . 

j3-cristobalite changes to a-cristobalite. 

„ 120° C. to nr>°c. . 

/$• tridymite changes to a -tridymite, 
and then very slowly into quartz. 



The fusibility of a sand depends on the amount of silica and 
other materials present. Thus, whilst a quartzose sand melts 
at a temperature between 1500° and 1670° 0., a sand containing 
a large proportion of mica or felspar will melt at a very much lower 
temperature. Table XLVII. snows the refractoriness of the 
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wincipal mineral* likely to occur in sand, so that their effect may 
kj roughly estimated according to the amount present : 


Taulk XLVIl. -Frsimi.rrY of Various Minkhai.s 


' 



■ 

• 

T. 

Albite 

1135-1215 

Haematite . 

1350-1400 

Anorthite . 

1250-1350 

Hornblende . 

1180-1220 

1 Apatite 

| Augite .... 

1270-1300 

Kuolinito 

1740 

1145-1150 

Labrador! to . 

1245-1250, 

j Barytes 

1500 

Lepidolito 

025 045 

[ Beryl .... 

1410-1430 

Magnetite 

1100-1250 

; Cal cite 

2570 

Muscovite 

1255-1200 

j Chalcedony 

1500 

Nepheline 

1180-1210 

1 Chromite 

1850 

Olivine .... 

1380-1410 

| Corundum . 

1750- 1800 

Orthoclase 

11(10 

Diamond 

Infus. 

Quartz .... 

1500 

Enstatite 

1380-1400 

Rutile .... 

1500 

Epidote 

1250 

Silliinunito . 

1810 

Flint .... 

1470 

Spinel .... 
Tit unite 

1300 

! Fluorspar . 

1378 

1200-1230 

j Carnet 

1150 

Tourmaline . 

1 000- 11 00 

! (lypsum 

1300 

Zircon . 

1900 


Owing to its composite nature and the low thermal conductivity 
of the material, most sand does not melt at a definite temperature 
as would a pure chemical compound, hut passes through a softening 
stage, which may be more or less prolonged according to the size 
of the particles and the nature of the materials present. This 
softening stage is the period intervening between the time when 
the most fusible constituents begin to melt and the time when 
the whole mass becomes fluid, and it is increased with large particles, 
as they require a longer time for the heat to penetrate them than 
is needed for smaller particles. # 

The softening stage is also increased by the time required for 
the inversion of quartz into one or more of the other allotropic 
forms of silica, which are formed when it is heated. 

The temperature differences at which these numerous changes 
occur vary with each sand ; thus, a sand rich in magnesium com- 
pounds has a longer softening range than one containing an 
equivalent proportion of lime. Felspar begins to show signs of 
fusion at about 1 190° G\, but is not completely fused below 1300° C., 
though if other impurities, such as lime compounds, are also present, 
complete fusion may occur at a temperature of only about 1200° C. 
Lime alone is almost infusible, but when present in sand it forms 
fusible compounds, some of which melt at a dull-red heat. 

In considering the above table of fusibilities, it must be 
clearly understood that although a single temperature may be 
given for a compound likely to occur in sands, this is necessarily 
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only approximate, for the reason just given, and a fusion range 
would be more accurate than a single fusion point. In some cases, 
fusion may commence at a temperature of only 500° C., but may 
not be completed until 1200° C. is reached. 

When an impure sand is heated, a reaction commences between 
the sand or siliceous matter and the alkalies, a fusible silicate 
being formed ; the lime next enters (.into combination and is 
rapidly followed by the 'iron. The finer particles of fusible 
minerals fuse next, and as the volume of fluid increases with the 
rise in temperature the fluid attacks the larger particles of fusible 
material, then the coarser particles of quartz, felspar, etc., until 
only the largest particles of the most heat-resisting materials are 
left. These are only fused on prolonged heating at a sufficiently 
high temperature. 

The action of various impurities on the refractoriness of silica 
has been described in Chapter IV. It may be summarised by 
stating that most of the impurities likely to occur in Sands lower 
the refractoriness to an extent which depends on the nature of 
the impurity. In large proportions, some minerals such as alumina 
may increase the refractoriness, but they are seldom present in 
sufficient quantity to do this, so that it is a fairly safe rule that the 
most refractory sands are those which consist of pure quartz, 
and that the presence of any substance other than crystalline 
silica tends to lower the refractoriness of the sand. According 
to Richter and Bischof the proportions of various fluxes which 
effect an equal reduction of the refractoriness are as follows : 

Magnesia 20, lime 28, potash 47, soda 31, and red iron oxide 40. 

It will be seen that, weight for weight, magnesia is the most 
active of these materials, and iron oxide has the least effect unless 
it is reduced to the ferrous state, when it becomes a powerful flux. 
On comparing these figures with the respective molecular weights, 
it will be seen that approximately 2 molecules of magnesia are 
equal in effect to 1 molecule of lime, 1 molecule of potash, 1 mole- r 
cule of soda, and | molecule of, red ferric oxide or 1 molecule of 
ferrous oxide. Hence, with the exception of magnesia (which has 
not been explained) and of ferric oxide (which is, however, normal 
under reducing conditions), the effect of the oxides mentioned on 
the refractoriness of sands containing them is almost exactly pro- 
portional to the molecular weight of the oxides. It must be 
remembered, however, that magnesia is very slow in action and 
is therefore less dangerous than lime as an impurity. Unfortunately 
the figures given above by Richter and Bischof are not very 
reliable, as the relative activity does not depend solely on the pro- 
portion of any material present, but is influenced by the presence 
of other substances. Hence the relative activity of fluxes on 
quartz is not the same as on a mixture of quartz and clay, or on 
clay itself, whilst in a mixture rich in silicates, magnesia acts 
only as a flux up to 5 per cent, after which it has a refractory 
effect. 
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It is not at present possible to ascertain, without an actual 
test, at, what temperature a sand will become fluid, as so many 
factors have to be taken into consideration, including the materials 
present, their proportions, the sizes of the particles, duration of 
heating, etc. 

j/olume Changes on Heating. — The various allotropic changes 
which occur when silica ,js heated involve certain changes in 
volume on account of the difference *in the specific gravity of 
the various forms of silica. These volume changes are often of 
little importance, but where sands or crushed rocks are used in 
the manufacture of bricks they may have a serious effect on the 
expansion of the brickwork, and therefore on the stability of the 
structure. 

At temperatures lower than 100° C. quartz has a coefficient 
of expansion whicn is nearly twice as great in a direction 
perpendicular to its axis as in one parallel to it. When «-quartz 
is converted into /4 -quartz at 575° C. there is a change in volume 
of about l -4 per cent ; on further heating to 870° ( \ a further 
increase in volume of 14- lb ]x»r cent occurs, the low-tenqierature 
forms of silica being formed. 

Table XLVII1. shows the volume changes involved in the 
various allotropic changes of silica : 


Tahi.k XLVIII. Changes in Volume of Silica 



Variation in Volume. 

: 

Inversion. 

Rc version. 

Quartz ^ tridymite .... 

-i 16 per cent 

- 14 per cent 

Quartz J eristobalite 

4-14 

- 12 

^Quartz ^ fused silica 

p20 „ . 

- 17 

Tridymite cristobalite . 

- 2-2 

i 2-2 

Tridymite ^ fused silica . 

4- 3 1 „ 

- 31 „ 

Cristobalite J fused silica 

i- «■* 

- 52 

i — *. 


Besides the volume changes due to the formation of differen 
allotropic varieties of silica, there is also a reversible expansioi 
due to heating and cooling. Quartz expands rapidly up to 560° C 
Another very large expansion takes place between 550° and 590° C. 
this being partly due to the change to an allotropic form, but afte 
heating to 600° C. no further expansion takes place and sometime 
a little contraction occurs. On cooling, a very marked contractioi 
occurs, just below 600° C., on account of the reversion of the quart; 
to the a-state. 
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There is a remarkable difference in the coefficient of expansion 
of the various forms of silica, the variations being shown in Fig. 1 7 



Km. 17. — Volume changes of silica on heating. 


as the results of determinations made by lx* (’hatcher and Holborn 
and Henning respectively. The mean coefficient of expansion of 
silica between 0° 0. and 1000° C. is 0-68. 



CHAPTER Vr 

THE EXAMINATION AND TESTING OF SANDS 

Whenever a material is used which occurs in a natural state it 
is usually subject to variations in character which may utterly 
spoil it for the purposes for which it is employed. The sands 
used in various industries ought, therefore, to Ik* tested in such 
a manner as to minimise the losses which would otherwise result 
from the use of unsuitable sand. The necessity for some form 
of testing is recognised by some users, though some of the ‘ k tests ’’ 
applied are very crude and limited in scope. On the other hand, 
most users have generally failed to recognise tlu? necessity for more 
complete knowledge of the sands they employ, and many of them 
are in consequence paying more dearly for their sands than would 
Ik* the case if they wen* purchased as the result of proper tests. 
A particularly striking example occurred recently in the exjierienco 
of the author, in which a firm were purchasing sand from 140 miles’ 
distance, when a sand more suitable for their purpose, but of less 
attractive appearance, could l>e obtained from a pit close to the 
works. In this instance a certain amount of prejudice existed, 
for the foreman was accustomed to a particular sand and did not 
see fit to change when he entered the employment of another firm. 
It was only when the characteristics of the two sands were closely 
compared and their practical identity was proved, that they were 
used with success on a commercial scale. 

The lack of information on the subject of testing makes it 
difficult to formulate a complete series of tests, and not only do 
the requirements of different works differ very greatly, but the 
idiosyncrasies of different workers must also be considered. For 
instance, in a certain foundry well known to the author, three 
different moulders used three different sands and could not, for 
a long time, be persuaded to change. Even that piost cruel test 
of all — the secret substitution of one sand for another- -failed to 
overcome the difficulty as soon as the substitution was discovered, 
though during the three months it remained unknown no note- 
worthy troubles occurred ! 

Sampling.— In testing sand for any purpose it is of course 
essential that the sample to be examined should be representative 
of the whole deposit, or at any rate of that portion of it which is 
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to be used. Yet only too often is a small portion of the material 
picked up haphazard and sent for examination regardless of whether 
it is representative or not. Consequently it ’frequently happens 
that a “ sample” of so heterogeneous a material as sand gives 
results which are not and cannot be by any means typical of the 
material from which it was taken. An examination of such o an 
unrepresentative “ sample ” is of course useless ; in many cases 
it may be worse than useless, as a material may be unjustly con- 
lemned or unfairly favoured as a result of such an examination. 
The fault in such cases does not lie with the tests, but with those 
who do not take sufficient care to obtain a proper sample. It 
cannot be too strongly urged, when a sand is to be examined with 
a view to determining its value as a commercial commodity, that 
the sample provided should be sufficiently large and sufficiently 
carefully chosen to be representative of the whole of the deposit. 
If it is impossible to obtain a single sample of such a character, 
a sufficient number of samples should be taken, the number 
necessarily depending upon the variability of the deposit. By this 
means it is possible to get a* fairly reliable idea as to the nature 
of any detrital deposit, and the results of an examination will be . 
sufficiently representative. 

When testing a deposit or bed of sand, the surface layer should 
be avoided, as it is liable to serious variation in composition on 
account of contamination. The best method is to uncover the 
bed to a convenient depth, and then to cut a vertical face with a 
spade and from the material so removed to secure a representative 
sample. To ensure this, a method of “ quartering ” is commonly 
used, and when systematically carried’ out it is quite satisfactory. 
The principle involved is that if a sufficient quantity of well-mixed 
material be itself well mixed and a considerable portion of it be 
removed, this portion again mixed and another portion abstracted, 
the process being repeated until a sufficiently small quantity has 
been obtained, the resulting sample will, as far as possible, truly 
represent the composition of the whole bulk. It is usual to take 
one-quarter of the mass in each abstraction, but in some cases 
one-eighth or even one -twelfth will be found to yield accurate 
results. Thus, if the original material to be examined represents a 
bulk of about ten tons, it should be mixed as thoroughly as possible, 
piled into a symmetrical heap, and divided into four quarters, 
One of these quarters is then removed, again mixed thoroughly, 
divided into quarters as before, and one quarter again separated 
This process is repeated, until a “ quarter ” weighing about 10 lb 
is obtained, unless a larger quantity is desired, when the quartering 
need not proceed so far. 

This process is based on the assumption that the material car 
be thoroughly mixed prior to each quartering. This is only th< 
ease where the material consists of small particles ; if it is in lumps 
these must be broken sufficiently small and, when the bulk has bee) 
reduced by quartering, one of the “ quarters ” must be ground 
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roughly quartered again, and the operations of grinding and quarter- 
ing be. repeated until a sample of requisite size is obtained. If the 
raw material is in the form of a sandstone rock or contains hard 
pieces of considerable size, it is necessary to 'grind it so that it will 
pass completely through a 10-mesh screen before making the last 
few quarterings, and the chemist who undertakes the analysis 
oi* other tests of the material may have to grind the sample still 
further before he can \hc it ; consfquently, he should always 
be supplied with at least 7 lb. of the sample in the form of a rough 
powder. If the heap is so large that to take one quarter of. it is 
impracticable, the only other reliable method is to take a large 
number of samples, each weighing about 4 lb., from many parts 
of *the heap and to mix them thoroughly before quartering as 
described above. Unless the material is reduced to a fairly fine 
state of division, the quartering will be inaccurate, as the material 
cannot be mixed with sufficient accuracy. 

The smaller the particles of the material the more accurate 
will be the result of sampling by quartering, and the more repre- 
sentative will be the sample. Consequently, if no examination 
is to be made of the sizes of the grains it is usually desirable to 
* grind the material to powder before completing the quartering. 
Even when it is not desired to grind the sand, it is sometimes 
advantageous to employ a mechanical mixing machine. Those 
most usually employed consist of a stationary case in which paddles 
or blades aVe fixed* on a shaft in an irregular manner, and are so 
arranged that when the shaft is rotated the blades mix the material 
thoroughly. Some investigators consider that a small rotary 
cylinder containing glass marbles or preferably small quartz pebbles 
gives a better mixing effect, but the possibility of grinding the 
softer grains and of contaminating the product must not be over- 
looked. 

When it is desired to determine the ferrous oxide in a material 
the sample should not be ground very fine, as unnecessary grinding 
causes oxidation of the material by exposing it unduly to air. 
It is very important that sand should, as far as possible, be tested 
in ita natural condition, and care should be taken that its moisture 
is not evaporated in transit, as its proportion may be important. 
Where possible, the sample obtained should be placed at once in 
air-tight tins or jars, and no undue delay should bq incurred before 
it reaches the testing station. 

Phosphor-bronze sieves are generally used to sift the material, 
but they may introduce metallic impurities. 0 

Chemical Analysis.— The details of the various methods of 
analysis of sands are of so complicated a nature and require so high 
a degree of manipulative skill in their execution that they cannot 
be profitably dealt with here. Readers who wish to experiment 
in this direction should refer to A Treatise on Quantitative Inor- 
ganic Analysis , by J. W. Mellor, but thev must not be disappointed 
if, after many attempts, they do not obtain such accurate results 
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h they require. At the same time it is important that those 
^sponsible for the use of sands should be able to understand and 
lake use of the information contained in an analytical report, 
o that the notes given on pp. 202-203 should be carefully studied, 
’he constituents usually determined in the chemical analysis of 
sand arc moisture, loss on ignition at about 950° C., silica, titanic 
xide, alumina, ferric oxide, lime, magnesia, soda, and potash. 
Sometimes the percentage (i sulphur (as S0 3 ) and of chlorine are 
Jso determined, and in sands which may contain other substances 
if importance a determination of these constituents should be 
nade. From what has been stated in earlier pages it will be realised 
hat many minerals are decomposed on chemical analysis, and 
heir constituents are reported as silica, alumina, etc. (See also 
Mechanical Analysis , p. 239, and Rational Analysis , p. 239.) 

Many people who are unable to make an analysis of a sand 
ind it convenient to be able to determine the moisture and loss 
m ignition. 

Moisture . — The amount of moisture in a sand is sometimes 
very important, especially in moulding sands used for casting 
metals. To determine the moisture content accurately, a weighing 
bottle which is fitted with a glass stopper is carefully cleaned, * 
wiped dry, and then dried in a special oven, which is maintained 
accurately at a temperature of 110° C. by means of a thermostat 
gas-regulator. When completely dry, the weighing bottle is cooled 
in a desiccator and then weighed accurately. About 3 gr. of the 
sample is placed in the bottle, the stopper is replaced in the latter, 
and the bottle with its contents is re-weighed. The increase in 
weight gives the weight of sand in the bottle. 

The bottle is now taken to the oven, its stopper is removed 
and placed on a glazed tile on the oven shelf, and the bottle with 
its contents is placed beside it, the bottle being covered with a 
small piece of filter-paper to keep any dust from settling into it. 
The oven door is closed and the oven with its contents is maintained 
accurately at 110° 0. for some time, after which the bottle and 
contents are cooled as before and re -weighed. The loss in weight 
will bo the weight of moisture in the sample. 

To ensure the whole of the moisture having been removed, 
the bottle is replaced in the oven as before, and after a further 
period of drying for at least one hour, it is again cooled in a desiccator 
and re-weighed. If any further loss of weight occurs it shows 
that the sample has not been fully dried, and the drying, cooling, 
and re-weighing must be repeated until a constant weight is 
obtained. 

This weight, less that of the bottle and contents previous to 
drying, is the amount of moisture in the weight of material used. 

The record of the results may conveniently be kept in the form 
shown on the next page. 
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Example : (,r - 

Weight of bottle and wand 841754 

Weight of bottle b-1213 

Weight of clay used 2-5541 

Weight of bottle and sand before drying 841754 

Weight of bottle and sand after drying • . 8-43W 

Moisture in weight dS sand used 0-2438 


Hence 2*5541 gr. sand contain 0-2438 gr. moisture. 

. - . Moisture - 9-54 per cent. 

Ijoss on Ignition.— The. figure reported as “ Loss on Ignition " 
indicates the weight lost when the sample has been heated to bright 
redness for several hours. During this heating some minerals 
(such as clay) are decomposed, and evolve water which escapes 
as steam and is lost. Anv organic matter present will burn away 
and will also be included in the “ loss on ignition." If any finely 
divided carbonate is present, it may lose some* or all of its carbon 
dioxide. The figure obtained as ‘ lo^s on ignition " is therefore 
a composite one*, and, though sometimes difficult to interpret, its 
determination is often useful. 

This test mav be made by transferring the sample used in the* 
drying test (p. 238) to a small weighed porcelain or platinum 
crucible and heating it in a small muffle furnace for one hour 
or so, after which it is allowed to cool in a desiccator and is then 
weighed. The crucible with its contents should then he reheated 
for about half an hour, again allowed to cool as before, and re- 
weighed, If any further loss has occurred, tin* whole of the car- 
bonaceous matter, etc., in the sample has not been removed, and 
the heating must be continued until a constant weight is obtained. 
The total loss in weight, expressed as a percentage of the weight of 
the original sample, is then calculated by multiplying the loss by 
100 and dividing by the weight of the sample used in the test. 

Mechanical Analysis. -When it is desired to know the propor- 
tions of the various sizes of grains present in a sand, a mechanical 
analysis is made ; this is dealt witli later under the heading 
Grading Tests. 

A mechanical analysis is very valuable for many of the purposes 
for which sands are used, especially in agriculture, and in the 
selection of sands for glass-making and for casting metals. 

Rational Analysis. — A method commonly known as “ rational 
analysis ” is sometimes applied to sands in order to show the pro- 
portions of the different minerals present. As these* minerals are 
not definitely identified in a rational analysis, the term is some- 
what of a misnomer, and the process is not reliable except under 

unusual circumstances. . . 

The method of making a rational analysis consists in treating 
a weighed amount of sand with hot concentrated sulphuric acid 
for a considerable time. The mixture is then allowed to cool ; 
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it is diluted with water and filtered,’ the residue being treated 
several times with boiling solutions of caustic soda and hydro- 
chloric acid. The matter dissolved by this treatment is presumed 
to be wholly “clay.” The residue finally obtained (consisting 
chiefly of felspar and quartz) is dried and weighed. It is then 
treated with hydrofluoric a fid, which removes the silica , the solution 
being analysed for alumina, lime, soda, and potash , from which 
the amount of felspar and quartz may be determined. 

The chief objections to and sources of error in this process are : 
(i.) the whole of the clay present may not be decomposed, though 
where only a small percentage of clayey matter occurs, as in most 
sands, there is less risk of incomplete decomposition ; (ii.) the 
decomposed products of the treatment with sulphuric acid may 
not be entirely removed from the residue, thus increasing the 
felspar percentage and decreasing the amount, of “ clay ” present ; 
(iii.) some of the felspar and quartz if in a fine state of division 
may be lost ; (iv.) other minerals, apart from clay, may be attacked 
and partially dissolved, thus increasing the amount of “ clay.” 

A greater or less quantity of felspar, hornblende, augite, biotite, 
andalusite, epidote, and muscovite may thus be included in the 
amount of clay reported as present (see p. 204) ; (v.) on account 
" of the heterogeneous nature of the sand, the value obtained for 
quartz does not represent the amount of free quartz present, but 
is probably higher than the correct figure ; neither does the value 
for felspar represent the proportion of felspar present, but is rather 
high, as the other impurities containing silica and alumina are not 
sufficiently taken into consideration. Hence a rational analvsis 
is only satisfactory in rare cases ; where minerals occur in widely 
different states of division, or where other minerals are present 
which are attacked to about the same extent as clay and felspar, 
the results may contain a very large error and in some cases are 
quite useless. 

Re-calculated Analysis. — In many cases, results of more value 
than those obtained by a rational analysis may be obtained by 
re-calculating the composition of the sand, as shown by chemical 
analysis, so as to correspond to certain minerals assumed to be 
present. Thus, it may be assumed that the alkalies, lime, and 
magnesia are all in the form of felspar, and the alumina, together 
with the amount of silica corresponding to this assumed quantity 
of felspar, is then calculated. Any excess of alumina is next 
calculated as “ clay ” of the formula A1*Q 3 . 2SiO a . 2H a O, and the 
silica corresponding to this “ clay,” together with that corresponding 
to the felspar, is deducted from the total silica ; the remaining 
silica is then assumed to be free quartz. 

In some sands the percentage of iron compounds is so large 
that it requires special consideration. As the most abundant iron 
compound in sands is limonite — a hydrated ferric hydroxide of 
somewhat variable composition (p. 189)— -it is sometimes convenient 
and usually fairly accurate to calculate the iron oxide found by 
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chemical analysis to limonite, 2Fe,O a . 3H 2 0. If an appreciable 
percentage of ferrous oxide is present it may be assumed to exist 
as FeO ; H 2 0. 

This method gives results which are often instructive, but they 
are subject to the serious objection that felspars do not contain 
magpesia and that in some sands the ba£os are present in the form 
of mica and other minerals.. 

Proximate Analysis. — The purpose cff a proximate analysis is 
to state the proportions of various minerals actually present in 
the sand, as distinct from the results shown by chemical analysis. 
In the latter, the silica from the various minerals is included in 
a single figure, so that a chemical analysis often fails to show' the 
nature and percentage of the impurities present. For example, 
a sand composed of 90 per cent of quartz and 10 per cent of pure 
clay will contain 94-0 per cent of silica, 3*9 per cent of alumina, 
and 1*5 per cent of water (loss on ignition). It might be supposed 
that as there is 94-6 per cent of silica there could only be 5*4 per 
cent of impurities, but this is not the case, for 4-6 per cent of the 
silica forms part of the “ impurities**’ and the total impurity 
amounts to 10 per cent. Similarly, a sand consisting of 90 per 
cent of quartz and 10 per cent of (orthoclase) felspar will show on 
analysis 96*5 per cent of silica, 1*8 per cent of alumina, and 1*7 per 
cent of potash, but the impurity will not be 3*5 per cent (the 
figure obtained by deducting the silica from 100) but 10 per cent, 
as part of the silica belongs to the felspar. 

In most sands the conditions are much more complex, so that 
it is usually difficult, and often almost impossible, to ascertain 
accurately their proximate composition. Four methods are 
available : 

1. A mechanical analysis (p. 239), which will separate some of 
the minerals from the remainder. 

2. A rational analysis (p. 239), which is, unfortunately, seldom 
reliable. 

3. A re-ealculated analysis, which is only of use when the com- 
position of the sand is comparatively simple, and even then is 
liable to be misleading (p. 240). 

4. A microscopical examination of the material as a whole, 

or of each of the grades into which it can be separated by mechanical 
analysis ( see below). * 

These methods, in conjunction with a chemical analysis of the 
material as a whole, or still better with a separate chemical analysis 
of each of the more important grades separated by mechanical 
analysis, or of the pieces picked out by the aid of a microscope, 
will give a sufficiently accurate idea of the approximate composition 
of the material to serve all practical purposes. 

If necessary, these methods are supplemented by special tests 
and by the use of methods of separation applicable to particular 
minerals. 

Microscopical Analysis. — A systematic examination of a sand 
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under a microscope will give a good idea of the various minerals 
present and, roughly, the proportion of each, and the results of such 
an examination are often more accurate than those obtained by 
any other single method. The microscope is particularly valuable 
in identifying certain minerals, and it is the only means at present 
available of estimating thh amount of eristobalite, tridy mite, .etc., 
in some heated silica rocks. i 

The microscopic examination requires the use of a good micro- 
scope magnifying up to about 500 diameters (higher powers are 
seldom necessary), fitted with polarising apparatus, so that the 
characteristics of minerals in polarised light may be examined. 
It is usually better to examine the various grades separated by 
mechanical analysis than to confine the examination to an indis- 
criminate sample of the whole bulk. 

If the sample has to be treated with water, in separating the 
particles of various sizes any dust will have been removed from the 
bulk of the material ; otherwise, the sample should be stirred up 
with water and the water and the finest particles in suspension 
should be poured off, or they may cause trouble by masking the 
grains. These minute particles should be examined separately and 
not overlooked, as is frequently the case. 

The particles are placed on a suitable glass slide, and, if necessary, 
cemented by balsam or immersed in oil of cloves or other suitable 
medium. They should then be examined first in natural and 
afterwards in polarised light, so as to ascertain the proportions 
and the various characteristics of the different minerals present. 
The identification erf the various minerals present requires a certain 
amount of skill and knowledge of the particular characteristics 
possessed by different minerals, but after sufficient experience has 
been gained, the commoner minerals may readily be identified. 
To facilitate the examination, the sample should be separated 
into grades by means of (a) sieves (p. 24(i) and (b) heavy liquids 
(p. 257), as the minute, amorphous particles of clay, etc., are in 
this way prevented from obscuring the other grains. The heavy 
minerals also enable the quartz — which constitutes the greater 
part of the sand — to be separated, and the minerals of greater 
specific gravity than quartz are obtained in a highly concentrated 
form and so can be easily examined. 

The variefus characteristics which should be observed include 
the shape and crystalline form of the grains, cleavage, fracture, 
enclosures, alteration, refractive index, pleochroism, birefringence, 
extinction angle, interference figures, twinning, etc. The more 
important of these characteristics are described in Chapter IV., 
ana from what is therein stated it is usually possible to identify 
all the common minerals. The characteristic properties of minerals 
which are difficult to determine have been omitted from this 
volume, as they are only seldom required. Further information 
thereon will be found in the leading text-books on mineralogy and 
petrology. 
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One of the most important characteristics which can be deter- 
mined microscopically is the refractive index. This is best 
determined by the use of various liquids of known refractive index. 
The liquids used must Ik? carefully tested by means of a refractometer 
before use, so as to be sure that they are according to standard. 
Table XL1X., due to Schroeder van der Kolk, shows the refractive 
index of certain liquids : 


Tahi.k XLIX. - Rkkra<tivk I mucks 


----- 

Material. 



Refractive 

Index. 

Material. 

Retractive 

Index. 

Rthylene chloral' 1 

I tr>o 

! Monobromben/.ol . 

1-501 

Olive oil .... 

l 4(50 

1 Orthotoluidine 

1 -57 1 

Benzol .... 

1-501 

; Aniline .... 

1 -58.4 

Cedar wood oil . 

1 -505 

Bromoforni 

1 500 

Monoehlorbm/.ol 

1 -524 

i Cinnamon oil . 

1 005 

Ethylene bromide 

j I -540 j 

j Moniodobenzol 

1 -010 

(Move oil . 

[ l 544 

1 a-.Mqnocblornapbtbalene 

1-045 

Nitrotoluol 

1 -540 

a-.Monobroinnnpbtbnlene 

; 1 -055 

Nitrobenzol 

• 1 552 

j Methylene iodide . 

1-740 

Dimethylarnine 

1 *558 

! Sulphur in methylene 



! iodide .... 

1 -840 


Another useful method is that described by A. B. Dick (p. 178). 
When a mineral is immersed in one of the above-mentioned liquids, 
it will be found that if the refractive indices of the liquid and the 
mineral are very nearly equal the mineral will be practically 
invisible, whereas if there is an appreciable difference between the 
refractive indices the mineral will be easily seen. Under the 
microscope, if there is a large difference between their respective 
refractive indices the fragments of mineral will appear to have 
thick borders. 

In order to determine whether the refractive index of the mineral 
is higher or lower than that of the liquid, the light should be cut 
off from a portion of the field by tilting the microscope mirror, 
so as to cause the minerals to be dark on one edge and light, on the 
other. The position of the dark edge should be noted, and if it 
lies on the opposite side of the grain to the shadow 4 he grain has 
a lower refractive index than the liquid, whilst if it is nearest to 
the shadow the mineral has a higher refractive index than the 
liquid. # 

Another method suggested by Becke consists in raising the 
objective lens of the microscope until the grain is out of focus. 
Whilst this is being done a bright line will move from the material . 
having the lower refractive index to the one having the higher 
value. If the objective is lowered instead of raised the reverse 
action takes place. By repeating one of these tests with a series 
of different liquids it is easy to determine which liquid has a refractive 
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index nearest to that of the mineral. The refractive index of the 
liquid may then be determined in a refractometer. 

If the material to be examined is, in the form of a piece of rock 
it may be rubbed down so as to have one smooth surface which 
can be examined by reflected light. Afterwards it may be ground 
so as to form a thin transparent section about 0-001 in. thick, lyhich 
is then mounted in Canada balsam qn a glass slide and covered 
with a thin cover of glasfc. The slide can then be examined by 
transmitted light, the same optical tests being applied as for sands. 

Other sections may be further investigated by staining or 
etching. The slide is made as before, but without Canada balsam, 
and its surface treated with dilute hydrochloric acid to ascertain 
whether any carbonates or alkali silicates, such as lime-scapolite, 
nepheline, sodalite, melilite, hauyne, nosean, lazurite, anorthite, 
olivine, chlorite, serpentine, and zeolites, are 'present, as these are 
gelatinised by this acid. Felspar and quartz are gelatinised only 
by hydrofluoric add. To stain the section, the acid is washed 
away with water and afterwards with ammonia, and the sample 
then placed in a bath of stain, such as magenta, malachite green, 
Congo red, aniline blue,* or methylene blue. After a sufficient 
time has elapsed to permit the sample to be completely stained, 
it is removed, washed, dried, and examined under the microscope. 
This method is sometimes useful in showing up certain minerals 
more than others. 

Other special tests are sometimes useful though seldom required. 
Further information as to these tests will be found in the text-books 
on mineralogy and .petrology. 

Cleanness. — The “ cleanness ” of a sand may be tested roughly 
by rubbing it between the lingers ; a good clean sand will leave 
little or no discoloration on the fingers. A perfectly clean sand 
may be rubbed on white paper without leaving any dark marks. 
Another very useful though rough test of the cleanness of a sand 
consists in shaking some of it violently for a few minutes in a 
measuring glass half-filled with water. After shaking, the sand is 
allowed to settle, and the other material will gradually sink and 
form a layer on the top of the sand. The amount of dirt, etc., 
can be, roughly determined by noting the number of divisions of 
the measuring glass which correspond to the thickness of the layer 
of dirt, and .by estimating the amount of matter in suspension. 
This test is useful in determining whether a sand for use in making 
mortar or concrete needs to be washed before use. 

A better .test consists in stirring up a weighed quantity of sand 
with several times its weight of water, pouring off the liquid through 
a 100-mesh sieve, and repeating the treatment with water until 
no more “ dirt ” remains in the residual sand. The liquid and 
“ dirt ” which have passed through the sieve are then evaporated 
to drvness, and the product is weighed and calculated as a percentage. 
As the fine sand consists of silt, clay, and organic (carbonaceous) 
matter, this residue may be ignited so as to drive off the car* 
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bonaceous matter, allowed to cool, and then re -weighed. The loss 
in weight may be regarded as representing the organic matter, 
together With any water produced by igniting the clay and other 
hydrous minerals present. (See also Carbonaceous Matter , p. 246.) 

Colloid Matter. — A rough idea of the amount of colloidal matter 
(day) in a sand may be gained by shaking up the sand with twenty 
timdb its weight in water in a tall glass cylinder, and noting the 
amount of matter remaining in suspension after one minute (p. 244). 
The test is vitiated by the extremely fine sand present, some of which 
may remain in suspension for several hours. A much more satis- 
factory method of separating the clay from the* other constituents 
in a sand is to use a series of sieves and an elutriator (see p. 246). 

Another useful method of comparing the amount of clay in 
batches of moulding sand is the following modification of a method 
proposed by Ashley : 

0-75 gram of aniline green (malachite green) is dissolved in 
250 c.c. of water and shaken for five minutes. Fifty grams of the 
sand are added and the liquid is shaken in a machine for ten minutes, 
after which it is poured into a settling, bottle and allowed to stand 
overnight. The colour of the liquid is then compared with a 
standard solution of 0-75 gram of dye in 250 c.c. of water which 
has been shaken and allowed to stand in the same way. A sand 
containing clay abstracts some of the dye from the liquid, the 
extent of the decolorisation being to some extent a measure of the 
amount of clay present. The best method of determining the extent 
of decolorisation is to dilute the standard solution to the same 
extent as the sample, and to take the extent of dilution as a measure 
of the amount of clay present. This method is very useful for 
comparing different batches of sand from the same source, but 
it has been found unsuitable for comparing widely different sands, 
on account of the variation in the absorbing power possessed by 
different clays. 

H. B. Hanley and H. li. Siinonds have obtained better results 
by treating the sand prior to adding it to the dye-solution. They 
suggest placing 25 grams of the sund in a 500-c.e. wide-mouthed 
bottle, and adding 250 c.c. of distilled water, and 5 c.c. of 10 per 
cent ammonium hydroxide. The bottle is closed with a glass 
stopper and sealed with paraffin wax, and is placed in a shaking 
machine for one hour. At the end of this period, 140 c.c. of distilled 
water is added, together with sufficient acetic acid to neutralise 
the ammonia and leave an excess of acid. This usually requires 
5 c.c. of 10 per cent acid. This treatment cleans the surface of 
each microscopic particle, and ensures that the colloidal matter is 
in a state to attract or absorb the dye. The test may be continued 
by adding a weighed quantity of the dye crystals to the solution # 
and sand, sufficient dye being added so that, after stirring and 
allowing the sand to settle, a slight tinge of colour remains in the 
solution. This indicates that a slight excess of the dye has been 
added ; its amount is estimated by preparing a standard solution 



246 GRADING TESTS OF SANDS 

of the dye and diluting it until it has the same colour as the liquid 
obtained in the test. The quantity of dye in the diluted solution 
being known, that amount is deducted from the total weight of 
the dye used. This is regarded as proportional to the colloidal 
clav present. 

Carbonaceous matter, » which is objectionable in sand to lie 
used in concrete, may be estimated by means of a simple * test 
suggested by Abrams and* Harder, and since adopted as a “ clean- 
ness ” test by the American Society for Testing Materials, who 
recommend that it should be carried out as follows : 

A 12-oz. graduated prescription bottle is tilled to the 4£-oz. 
mark with the sand to be tested. A 3 per cent solution of sodium 
hydroxide is then added until the volume of the sand and solution, 
after shaking, amounts to 7 oz. The bottle is then closed by a 
cork or stopper and shaken thoroughly, after which it is allowed 
to stand overnight. The next day the colour of the more or less 
clear supernatant liquid is observed ; if it is colourless or has 
a light yellow colour, the sand may be considered to be satisfactorv 
in so far as organic impurities are concerned. If, on the other 
hand, a dark-coloured liquid, ranging from dark red to black, 
is obtained, the sand should usually be rejected as unsuitable 
for use in concrete or mortar. 

Grading Tests. — The separation of a sample of sand into groups 
according to the sizes of the constituent grains of material present 
is known as “ grading ’’ ; a determination of the proportion of 
each grade is termed a mechanical analysis, and consists in treating 
the material present either by means of sieves, or in an elutriator, 
so as to separate the particles of one size (or those within certain 
prearranged limits of size) from the remainder. By repeating the 
process a sample is eventually subdivided into a considerable 
number of separate grades ; the weight of each can then be ascer- 
tained. To separate tin? coarser grains of sands, sieves are the 
most satisfactory, it being generally best to select a number of 
sieves of decreasing fineness, according to the grades into which it 
is desired to separate the particles. 

In order to obtain strictly comparable results it is important 
to use standard sieves, as ordinary ones are not woven with sufficient 
accuracy. 

Table L. $hows the standard meshes of sieves specified by the 
Institute of Mining and Metallurgy. 

The sieves are manufactured by N. Greening &. Son, of Warrington. 


[Table 
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Table L. — The I.M.M. Standakd Sieves 1 


Mesh, i.e. A port lire* 
per Linear Inch. 

Diameter of Wires. 

1 Diameter of AjK*rtures. 

Screening Area per 
rent. Holes. 


In. 

nun. 

in. ' 

mm. 


5 

01 # 

2-540 

0-1 

2-540 

25-00 

8 

0*003 

l -003 

O-OOjJ 

1-574 

24-00 

10 

0 05 

1-270 

0-05 

1 -270 

25-00 

12 

0 0417 

1 -050 

0*0410 

I -050 

24 92 

10 

0 03 13 

0-795 

0-0312 

0-792 

24-92 

20 

0 025 

0-035 

0-025 

0-035 

25-00 

30 

0-0107 

0-424 

0-0100 

0-421 

24-80 

40 

0-0125 

0-317 

0-0125 

0-317 

25-00 

50 

0-01 

0-254 

0-01 

0-254 

25-00 

00 

0-0083 

0-211 

0-0083 

0 211 

25-00 

70 

0*007 1 

0-180 

0-007 1 

0-180 

25-00 

80 

0-0003 

0-100 

0-0002 

0 157 

24-00 

1)0 

0-0055 

0-139 

0-0055 

0-139 

24-50 

100 

0-005 

0-127 

0-005 

0-127 

25-00 

120 

0-0041 

0-104 

0-0042 

0-107 

25-40 

140 

0 0030 

0-091 

0-0030 

0-091 

25-00 

ISO 

0-0033 

0-084 

0-0033 

0-084 

24-50 

1 100 

0-0031 

0-078 

0-0031 

0-078 

25-00 

180 

0-0028 

0-071 

0-0028 

0-071 

25-00 

1 200 

0-0025 

0-003 

0-0025 

0-003 

25-00 

- 


1 Some additional data hy J. W. Mrllor linvc alao been iiicludnl in the taliii*. 


Tabic LI. shows the* standards adopted by the American Bureau 
of Standards. 

F. W. Taylor has suggested the sieves given in Table LIT. for 
testing the grading of sands for concrete work. 

This series of sieves is based on the following complex con- 
siderations : the limiting diameters of the particles in each grade 
were first decided and also the number of grades into which the 
material is to be? separated. The logarithms of the extreme 
diameters of the particles wen* then found, and between these 
figures was found the required number of logarithms, less 2, which 
have equal differences Iwtween them. By this means a series of 
logarithms was found equal to the number of sieves to be used, 
the difference between each succeeding logarithm being constant. 
The corresponding antilogarithms furnish the opeilings for each 
sieve in the series, and where these do not correspond to a com- 
mercially available sieve, the nearest commercial sieve is employed. 
So elaborate a procedure is seldom adopted, and the* I.M.M. series 
(above) is ample for most purposes, especially as a sieve in ordinary 
use does not pass every grain smaller than its holes or “ mesh,” 
though it does retain all those which are larger. If the sieving 
process is of very short duration, a large proportion of fine material 
will fail to pass through the screen ; if the process is excessively 
prolonged, some of the larger particles may be reduced by attrition 
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Table LI. — American Standard Sieves 


Sieve 

.Vo. 

Sieve Opening. 

Wire Diameter. 

Tolerance 

in 

Average 

Opening. 

Tolerance 
in Wire 
Diameter. 

Tolerance 

in 

Maximum 

Opening. 

Meshes 
per cm. 

Meshes 
per In. 

2| 

mm. 

8-00 

In. 

0-316 

mm. 

1-85 

in. 

0-073 

per cent. 

1 « 

per cent. 
5 

per cent. 

. 10 

1 

2-6 

3 

6-72 

0-266 

1-65 

•0-065 

1 

5 

10 

1-2 

3-0 

H 

5-06 

0-223 

1*45 

0-057 

1 

5 

10 

1-4 

3-6 

4 

4-76 

0-187 

1-27 

0-050 

1 

5 

10 

1-7 

4 2 

5 

4-00 

0-167 

M2 

0-044 

1 

5 

10 

2 

5-0 

6 

3*36 

0-132 

1*02 

0-040 

1 

5 

10 

2-3 

5-8 

7 

2-83 

0-111 

0-92 

0-036 

1 

5 

10 

2-7 

6-8 

8 

2-38 

0-094 

0-84 

0-033 

2 

5 

10 

3 

7-9 

10 

2 00 

0-079 

0-76 

0-030 

2 

5 

10 

3-5 

9-2 

12 

1-68 

0-066 

0-69 

0-027 

2 

5 , 

10 

4 

10-8 

14 

1-41 

0-0657 

0-61 

0-024 

2 

5 

10 

5 

12-5 

16 

119 

0-0468 

0-54 

0*021 

2 

5 

10 

6 

14-7 

18 

100 

0-0394 

0-48 

0-0187 

2 

5 

10 - 

7 

17-2 

20 

0-84 

0-0331 

0-42 

0-0165 

3 

5 

25 

8 

20-2 

26 

0-71 

0-0278 

0-37 

0-0146 

3 

5 | 

25 

9 

23-6 

30 

0-69 

0-0234 

0-33 

0-0129 

3 

5 

25 

11 

27-5 

36 

0-60 

0-0197 

0-29 

0-0113 

3 

5 

25 

13 

32-3 

40 

0-42 

0-0166 

0-25 

0-0098 

3 

5 

25 

15 

37-9 

46 

0-36 

0-0139 

0-22 

0-0085 

3 

5 

25 

18 

44-7 

60 

0-30 

0-0117 

0-188 

0-0074 

4 

10 

40 

20 

52-4 

60 

0-26 

0-0008 

0-162 

0-0064 

4 

10 

40 

24 

61-7 

70 

0*21 

0-0083 

0-140 

0-0055 

4 

10 

40 

29 

72-6 

80 

0177 

0-0070 

0-119 

0-0047 

4 

10 

40 

34 

85-6 

100 

0149 

0-0059 

0-102 

, 0-0040 

4 

10 

40 

40 

101 

120 

0126 

0-0049 

0-086 

0-0034 

4 

10 

40 

47 

120 

140 

0106 

0-0041 

>0-074 

0-0029 

5 

15 

60 

66 

143 

170 

0-088 

0-0035 

0-063 

0-0025 

5 

15 

60 

66 

167 

200 

0-074 

0-0029 

0-053 

0-0021 

5 

15 

60 

79 

200 

230 

0-062 

0-0025 

0-046 

0-0018 

5 

15 

60 

93 

233 

270 

0-063 

0-0021 

0-041 

0-0016 

5 

15 

60 

106 

270 

326 

0-044 

0-0017 

0-036 

0-0014 

6 

15 

60 

125 

323 


Table LI I. — Sieves for Testing the Grading of Sands for 
Concrete 


Sieve No. 

Opening in Inches. 

10 

0-073 

15 

0-047 

20 

0-034 

30 

0-022 

40 

0-015 

60 

0-009 

74 

0-0078 

100 

0-0045 

150 

0-00325 

200 

0-00275 
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and so pass through the screen. With care, the proportion of 
fine material which fails to pass the screen should not exceed 2 per 
cent. The tailings from each screen should be tested ]x*riodically 
to ensure that they do not contain too much fine material. 

The sieves selected should depend, of course, on the nature 
of the sand, but in most cases sieves lunging from about 30-mosh 
to f20-mesh are sufficient, though a 200-mesh sieve may be necessary 
in some eases. For testing sands th(* author has for more than 
twenty years used a series of sieves with 10, 2.'), 50. 100, and 200 
holes per linear inch, the respective apertures being 0 05. 0 02, 
0 01, 0-005, and 0-0025 in. in diameter. Boswell prefers to use 
a series of sieves with G, 12, 25, 50, and 120 holes jx»r linear inch 
for the sand grades. From the variations in the series of sieves 
used by different authorities, it will Ik? understood that the sizes 
into which the sands are classified depend largely on the require- 
ments of the worker, blit where possible it is desirable to adopt 
some standard classification such ns those mentioned on pp. 210 
to 21(5. so as to avoid confusion and to make the results as comparable 
as possible. Grading tests made with sieves without stating the 
size of the grains indicated by the various sieves employed, are 
of no value except to the user. 

Some investigators employ a needless number of sieves in a 
series. The proper course is to ascertain, from a microscopic 
examination of a limited number of t grades, whether the particles 
in each are sufficiently uniform in size. If not, an additional 
number of sieves should lx? employed. - Kxeept in unusual eases, 
however, it is preferable to classify into the minimum number of 
grades possible, as the mere multiplication of grades is of little 
value. Whatever series is employed, it is usually desirable, for 
the sake of consistency and rapid working, to use woven sieves 
of phosphor-bronze throughout the series, though for removing 
particles larger than 0-2 in. diameter, and especially when stones 
or gravel are abundant, jx?rforated sheets are preferable to woven 
mesh. It is useless to attempt to employ sieves finer than 250-mesh, 
and, for most purposes, it is better to regard a 200-mesh as the 
finest practicable sieve, and to use an elutriator for grading the, 
particles which pass through this sieve. 

The manner of using sieves is important. If the sand is clean 
(t.e. almost free from clay) and dry, a weighed amount may be 
sieved in its natural state, care being taken to avoid the loss of 
*any “ dust.” On the contrary, if there is an appreciable proportion 
of clay present, the weighed amount of sand is mixed with about 
twice its weight of water, well shaken for half an nour or more 
in a mechanical agitator, and then run on to the coarsest sieve ; 
any material which passes through the sieve is received in a suitable 
vessel, preferably of white earthenware, and is afterwards passed 
in a similar manner on to each of the sieves in turn. . Each 
sieve is then washed with a powerful " rose ” of water, so as to 
ensure all the sand finer than its mesh passing on to the next finer 
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sieve. When all the finer particles have been removed from each 
grade, the contents of the various sieves are dried and weighed. 
The material which passes through the finest sieve contains all 
the clay, together with a considerable proportion of fine sand and 
silt. The constituents of this mixture may, if desired, be separated 
by elutriation (p. 252). The thoroughness with which the fine 
particles are removed from the residue on the various sieves depdhds 
largely on the operator. To reduce tile effect of this “ personal 
factor,” some investigators work to a strict time-schedule ; others 
prefer to use a mechanical agitator and to rely on this rather than 
on hand-sieving. The mechanical arrangement is chiefly used in 
the United States ; it consists of a series of sieves mounted one 
above another, with a container below and a cover above, so as 
to prevent the escape of dust. A prearranged weight (usually 
100 grams) of the sand (previously dried at l?0° C. to a constant 
weight) is placed on the top sieve, and the whole series is then 
shaken for exactly five minutes by means of a j-h.p. electric motor. 
Each sieve is then removed and shaken separately by hand for 
one minute more, and any material which passes through is trans- 
ferred to the next sieve in the series. The whole of the series of 
sieves with their contents is again assembled, with the container 
and cover, and is shaken again by the machine for a period of 
twenty minutes, after which, each sieve in turn is again shaken 
by hand as before. The amount eventually remaining on each 
sieve is separately weighed, the results being expressed as the 
percentage retained on each sieve. No standard method of sieving 
with the aid of water has yet been adopted. 

The deposits left on the coarser sieves generally consist of 
quartz and felspar. Mica is generally concentrated on the medium 
sieves on account of its flaky nature, the diameter of the flakes 
being large compared with the average bulk of other minerals (see 
p. 217), and the deposits on the finer sieves contain the greater part 
of the heavier minerals, as the grains of these are generally smaller 
than the average size of the quartz grains (p. 216). 

Sedimentation and Elutriation. — For the finest particles contained 
in sands, sifting is useless, as sieves finer than 200-inesh, i.e. for 
particles 0*0025 in. diameter, are not sufficiently accurate, as the 
strands are liable to be rapidly destroyed on account of their 
fineness and delicacy. It is, therefore, preferable to separate these 
fine particles by treating them with water in such a manner that 
they are separated according to their suspensibility. This may* 
be done in oqe of two ways. 

Sedimentation Method . — The particles may be stirred with water 
until all are in suspension and they may then be allowed to settle. 
They will sink towards the bottom of the vessel in which they 
are contained, at a rate which depends on their diameters and 
specific gravity, in accordance with Stokes' law. 

TT 2D -d 
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or V = Or 2 , where 0 = 

where \ r ia the velocity of the particles in cm. }K*r sec., 
z is the viscosity of the liquid (waters 1), 
r is the radius of the particles in cm., 
g is 981, 

d is the specific gravity of the liquid, 

D is the specific gravity of the particles. 

This formula assumes that (a) the particles of solid matter are 
much larger than the particles of the liquid ; (b) the liquid is of 
infinite length in comparison to the sinking particles ; (c) the particles 
are smooth and rigid ; (d) no slipping occurs between the particles of 
the liquid ; (a) the velocity is small ; and (/) the particles are small. 
When the velocity of the particles is great, the formula does not 
hold. H. 8. Allen states that the maximum size of particle for 
water sedimentation is 0*085 mm. or 0*0034 in., i.e. tin* particles 
should all pass completely through a standard sieve (p. *247) of 
150-mesh. Rittinger gives the following velocities of fall in metres 
for particles of different sizes : 

3*2 C. for rounded grains, 

2*25 C. for flat grains, 

2*65 C. for elongated grains, 

2*85 C. for average (mixed) grains, 

where fl 

s 

when S~ Specific gravity of solid particles (quartz = 2*05), 
s = Specific gravity of liquid (water = 1 ), 
d - Diameter of sphere in metres. 

For convenience it is usually assumed that all the particles 
have the same specific gravity, namely, that of quartz 2*05, in which 
case the rate of settling depends solely on the diameter of the 
particles. If a cylindrical vessel 0 in. or more in height is used, 
and the total height of the liquid and solid in the vessel is greater 
than 4 in., Table LIII. may be used, the depth of liquid being 
measured downwards from the top. 


Table LIII. — Showing Size or Particles which settle 
out in Different Times 


Size of Particles. 

Time of Settliutf. 

■ 

Depth from Surface. 

• 

mm. 

in. 


mm. 

; 

in. 1 

01 

0 004 

20 secs. 

140 

50 ' 

005 

0 002 

1 rnin. 

120 

4-8 

001 

0 0004 

10 „ 

90 

i 

1 
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. After standing for ten minutes, the upper- 
most 3*6 in. of the liquid is carefully siphoned 
or poured off, care being taken not to disturb 
the material at a greater depth. The residue 
left in the vessel will contain all the particles 
larger than 0 -0004 in . diameter. The residue, 
together with sufficient water to make the 
total volume the same as before, is well stirred, 
and then allowed to stand for a further period 
of one minute. The uppermost 4*8 in. are 
removed as before ; the residue will contain 
all the particles larger than those correspond- 
ing to the period of sedimentation, i.e. larger 
than 0*002 in. diameter. By repeating the 
process as often as is desired, the particles 
can be separated into any required number 
of sizes or grades. The separation of the 
different sizes of non-plastic materials is 
usually* quite sharp, but when much clay is 
present it is usually necessary to repeat the 
treatment of each fraction several times, and 
even then a small but variable proportion of 
fine sand and silt usually adheres to and is 
carried fiway with the clay, whilst another 
equally variable amount of clay is usually 
carried down by the silt and fine sand. It is 
impossible to prevent this defect unless the 
particles can be kept well separated and in 
constant motion. Moreover, as a result of the 
short times of suspension, and the time neces- 
sarily taken in decanting or pouring off the 
supernatant liquid, the results obtained by 
sedimentation are not so satisfactory as by 
elutriation, though they are often sufficiently 
accurate for general use. Consequently, 
elutriation is usually preferable to sedimenta- 
tion. 

Elutriation consists in mixing the par- 
ticles to be separated with a large volume of 
water which flows forward at a prearranged 
rate, so as to carry away the smaller particles 
and leave the larger ones behind. The method 
most commonly used in this country is that 
devised by Schoene and modified by Seger, 
in which a carefully regulated stream of water 
is passed through a series of vessels, such as 
that shown in Fig. 18 , so arranged that the 
speed of the liquid may effect a separation of 
the particles into separate groups. Separa- 
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tion by elutriation appears to be accurate for particles less than 
0*25 mm. (0*01 in.), but not for those larger than 0*5 mm. (0-02 in.), 
this upper limit being somewhat doubtful. Soger adopted four 
groups for elutriation, as shown in Table LIV. 


Table LIV. -Elutriation {Sogers Figures) 


Maximum Velocity. 

• 

Extreme Diameter *1 spherical 
Particles. 

Manometer Height. 

rain, per Bee. 
0*18 

In. per min. 
0-43 

mm. 

Below 0-01 

in. 

Below 0-0004 

cm. 

1 

in. 

0-4 

0-70 

1-68 

0-01 -0-025 

0-0004-0-001 

8 

315 

1-50 

Residue 

3*60 • 
Residue 

0 025-0 04 

0 04 -0-333 

0-001 -0-0016 
0-00 10-0-0 133 

i 

50 

.. i 

10-69 


It is not necessary, in most cases* to use an clutriator for such 
coarse particles as those of 0-333 mm. diameter, and often it is 
quite sufficient to separate only one grade by elutriation, as shown 
in Table LV., due to Mellor. 


Table LV.- Elutriation (MoIIoi-'h Figures) 


Maximum Velocity. 


mm. per nee. 
018 


0-3 or 200-sievo 
120-sieve 


Manometer Height 
for Flint. 


1 

00 


Extreme Diameter, 
Spherical Parthk-H. 


mm. 

Ik-low 0-0 1 
. 0 01 -0-063 
0-063-0-107 


Average Diameter. 


mm. 

0 0003 


0 042 
0 087 


Boswell, using a modification of Crook’s clutriator, employs 
the data in Table LVI. 

Table LVI. -Elutriation (Boswell’s Figures) 


Diameter of Cylinder. 

~ 

Head of Water. 

Jet Aperture. 

Diameter of Drains 
Serrated. 



nun. 

• nun. 

2 in. (51 mm.) 

1880 

7 

0-4 

»» >1 

1400 

3 

0-2 

3 in. (76 mm.) 

700 

3 

0-1 

• 

M 99 

400 

2 

0-05 
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though if the finest particles of clay and silt are not required, a 
reduction of the speed of the machine will enable them to be 
carried off in the effluent. 

The amount of water used by this method is much less than 
with elutriators, and the results appear to be quite satisfactory 
if the speed of the rotation, the amount of the material and w^ter, 
and the rate at which they are supplied .are kept constant. 

Mlneraloglcal Examination. — For many purposes it is important 
to ascertain what minerals are present in a sand and, where 
practicable, the approximate proportion of each mineral. This 
can be done to a large extent by means of chemical and mechanical 
analysis, aided by a microscopic examination (p. 241), but in some 
instances other methods are preferable. The most important of 
these are — 

1. Separation by vibration. 

2. Panning or hydraulic separation. 

3. Separation by heavy liquids. 

4. Magnetic or electromagnetic separation. 

5. Electrostatic separation. 

Separation by Vibration . — A method of separating heavy from 
light minerals in sands of nearly uniform size, suggested by H. B. 
Milner, consists in placing them upon a piece of white glazed paper, 
and giving the paper a circular motion with one hand and tapping 
it with a pencil in the other, at a frequency ascertained by trial. 
This gives a good separation if small quantities are taken. 

An improved method consists in using a thin metal plate 
supported by an iron clamp and vibrated rapidly, the result desired 
being obtained by means of a tuning-fork of the same frequency 
as the metal plate. 

Panning is the old method employed for working metalliferous 
sands and is dependent on the fact that, if water containing sand 

is placed on a shallow pan 
(Fig. 20), and given a circu- 
latory motion by means of 
the arms, the lighter particles 
are kept in suspension and 
gradually washed over the 
Fig. 2Q.—Wa«hing-pari. sides of the pan, whilst the 

heavy minerals remain at the 
bottom. A very convenient pan is one about 3 in. deep and 
12 in. diameter at the top and about 8 in. diameter at the 
bottom. In some cases a conical vessel is employed, and is 
even more satisfactory than one with a flat bottom, though more 
difficult to manipulate. With either of these vessels 4-7 lb. of 
material may be treated at once, and most of the grains having a 
specific gravity greater than 3 can be retained, all those of lower 
specific gravity, including the quartz, being almost wholly removed. 
This method is suitable for particles between 0-004 and 0-04 in. 
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diameter ; with larger particles the separation is less complete, 
though if they are only present in small proportions they do not 
seriously interfere with the result. Particles less than 0-004 in. 
diameter are usually lost by this treatment unless they have a 
very high specific gravity, such as gold. On the whole, panning 
is a very satisfactory method for concentrating the heavy minerals 
in a sand consisting chiefly of lighter material. It has the great 
advantage of not requiring any elaborate apparatus, and so is 
invaluable to prospectors in out-of-the-way places. 

Separation by Heavy Liquids . — Minerals may also be separated 
according to their specific gravities by the use of liquids of different 
specific gravity. Table LVI1. shows the specific gravity of various 
heavy liquids which are useful for this purpose. If a weighed 
quantity of sand is introduced in small quantities at a time into 
one of these liquids contained in a conical glass funnel, provided 
with a tap or stop-cock at its lower end. stirred vigorously and 
then allowed to stand, all the particles having a lesser specific 
gravity than the liquid will remain in suspension, whilst the heavier 
materials (i.e. those of greater specific gravity than the liquid) 
will sink to the bottom of the vessel. The tap is then opened 
and the heavy minerals run off on to filter paper, after which the 
tap is closed and more material put into the funnel until the whole 
has been separated into two parts. The residue can be cleaned 
with benzene or water, dried rapidly, and weighed. Thus, heavy 
minerals can be separated from quartz by means of bromoform, 
and, if necessary, they can be further classified by the subsequent 
use of other heavy liquids. 


Table LYT1. — Specific (.kavities of Heavy Liquids 


Liquid. 

Specific 

Gravity. 

Melting 

Point. 

Jfow Used. 

Bromoform 

2-8 fii 



Acetylene tetrabromide • 

30 1 


I Diluted with 

Methylene iodide .... 

»’33 1 


j benzene. 

Methylene iodide and iodine 

8-6 j 


J 

Mercury potassium iodide 

3-2 





Cadmium borotungstate 

325 





Barium mercury iodide 

3*5 




Diluted with 

Mercurous nitrate (cryst. ) * . 

4-3 


70° C. 


water. * 

Thallium silver nitrate * 

4-5 


75° C. 

< 


Thallium mercury nitrate * . 

e 

5-3 


78* C. 

J 



• These must be used at a temperature above their melting point. The specific gravity of 
the liquids should be determined each time they are used. * 


The solutions which can be diluted with benzene are usually 
the most convenient, on account of the ease with which the residues 
can be washed with benzene and dried. Mercury solutions have 
the disadvantage of being poisonous, cadmium borotungstate 
readily crystallises, and the solid salts need to be used at higher 
temperatures and so have many disadvantages. 

VOL. I 


s 
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Another method, which is sometimes employed for the rough 
estimation of the proportions of several minerals of various specific 
gravities, consists in forming a diffusion column by partially filling 
a long glass jar with a concentrated heavy liquid, and then filling 
the remaining part of the jar with a diluted solution. This is allowed 
to stand about twelve to twenty-four hours until there is a gradual 
gradation in specific gravity from that (< of the concentrated liquid 
at the bottom to that of 4he diluted liquid at the top. The test 
is made by dropping in a small sample and noting the heights at 
which the particles collect, fragments of known specific gravity 
being dropped in as guides. By this means a rough idea of the 
minerals present may be ascertained. 

The following solutions, according to Crook, are useful for this 
method of separation : 

• Specific 

Gravity. 

1. Bromoform diluted with benzene to 2-5*20 

2. „ alone 2-90 

1. Methylene iodide diluted with benzene to 2 -5-2-0 

2. „ „ alone 3*30 

1. Thoulet solution (Potassium mercuric iodide) diluted with water to 2-5-2 0 

2. „ „ „ alone 3-18 

1. Klein solution (Cadmium borotungstate) diluted with water to . 2-5-2 0 

2. „ „ „ alone . . . 3-28 

Magnetic Separation . — Some of the minerals found in sands 
possess magnetic properties, so that it is possible to separate 
them by the use of a magnet, or preferably an electro-magnet, 
with the poles ending in thin edges and capable of being moved 
so as to be spaced at varying distances apart. 

A useful magnet described by T. Crook consists of two limbs, 
each 1 in. diameter and 4 in. long, wound with seven layers of 
10-gauge wire, each layer having about forty turns. The two 
adjustable pole-pieces should be 14 in. wide and J in. thick, slotted 
so as to be moved nearer to, or further from, each other, and secured 
by screws to the limbs. An 8- volt battery is quite sufficient for 
this instrument. 

In use, the magnet is suspended over a smooth cardboard 
tray containing the sample to be examined. If desired, the most 
magnetic particles may be removed with a permanent magnet, 
and the “ qioderately magnetic ” grains (p. 224) then removed 
by means of an electro-magnet with its poles about } in. apart. 
Afterwards, the poles of the magnet may be placed only J in. or 
rather less apart, and the “ feebly magnetic ” minerals (p. 224) 
may then be separated. The residue may be regarded as practically 
non-magnetic. 

Electrostatic Separation. — The separation of minerals according 
to their electrical conductivity depends on the fact that minerals 
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having a high electrical conductivity are affected by an electric 
charge, whilst bad conductors remain inert. The apparatus 
recommended by T. Crook consists of two copper plates a few 
inches square, one of which has one surface coated with a layer 
of shellac, which is continued over the edge of the plate, forming 
a narrow strip on the opposite surface. The shellac-coated surface 
of ohe copper plate is placed next to the uncoated surface of the 
other, but is separated froifi it by two pieces of glass coated with 
shellac. The upper plate is charged electrically by means of an 
electrophorus, consisting of a plate of ebonite, resin, sealing-wax, 
or shellac, on a metal base and a circular metal disc of the same 
diameter with an insulated handle. If the plate of the electro- 
phorus is rubbed with a tiannel or piece of fur, a negative charge 
of electricity is induced in it, so that on placing the metal disc 
on its lower surface it is charged positively, ami a complementary 
negative charge is given to the outer surface. This is removed 
by touching it with the linger. A small quantity of the sample 
of sand to be examined is placed on the upper side of the lower 
copper plate of the pair previously mentioned, and the disc to 
which the insulating handle is attached is placed upon the upper 
copper plate. The minerals which are good conductors of electricity 
will immediately adhere to the upper plate and can be removed 
therefrom, whilst the non-conductors remain on the lower plate. 
For accurate work, a larger apparatus operated by a more powerful 
current is preferable, but the simple device just described is often 
useful, especially if the test is applied to a sample from which the 
greater part of the quartz has been removed by panning (p. 256), 
or by means of a heavy liquid (p. 257). 

Specific Gravity. — The specific gravity of sands, or the minerals 
therein, is determined either by the use of heavy liquids as described 
on p. 258, or by means of a specific gravity bottle. In the latter 
method, the most convenient form of specific gravity bottle consists 
of a small flask, with a neck graduated from 65 c.c. to 80 c.c., into 
which exactly 50 c.c. of water is introduced by means of a pipette. 
Then exactly 50 grams of the sand are placed in the bottle and 
the height of the column of water in the neck of the bottle is read. 
As the volume of liquid displaced by the sand is equal to the volume 
of the sand, the specific gravity is found by dividing the weight of 
the sand by the volume of liquid displaced. Thus^ if 50 grams 
of a quartz sand cause the water in the bottle to rise to the 
68*8 c.c., mark, that weight of sand must occupy a volume of 
68-8 -50 = 18*8 c.c., so that its specific gravity is 50 -r 18*8 = 2-66. 

Apparent Density. — The apparent density of a mass of sand 
is determined by weighing a vessel of known capacity, filling it 
with the sand, and then re-weighing. The weight of the sand in 
grams divided by the capacity of the vessel in c.c. is the apparent 
density. t 

Volume-weight.— The volume -weight of a mass of sand is 
determined in the same manner as the apparent density, but a 



260 REFRACTORINESS TESTS OF SAN§S ! 

r / 

larger vessel is usually employed. The weight of the sand in pounds 
divided by the capacity of the vessel in cubic feet gives the volume- 
weight in pounds per cubic foot. Alternatively, the weight of the 
sand in grams divided by the capacity of the vessel in litres gives 
the volume- weight in grams per litre. To convert “ apparent 
density ” into “ volume- weight,” multiply it by 62-42 to obtain 
the result in pounds per cubic foot. Conversely, to calculat/ the 
apparent density from tfee volume-weight in pounds per cubic 
foot, multiply the latter by 0-016. 

Refractoriness. — The refractoriness or resistance of a sand to 
heat (p. 229) is tested by mixing it with dextrin and water to form 
a paste, which may then be moulded into small 
tetrahedrons of the same shape as Seger cones 
(Fig. 21). These cones are dried and placed side 
by side with suitable Seger coivjs on a slab made of 
china clay and bauxite mixed into a stiff paste with 
water. The cones ” are pressed on to the surface 
of the slab so as to penetrate it slightly and so 
receive sufficient support to prevent them from 
falling. The slab with the cones is then placed in 
an electric, gas-blast, or Devi lie furnace until the 
test-piece bends over until its point just touches 
the base line of the support on which it stands. 
The number of the Seger cone which bends to the 
same extent under the same conditions as the test- 
piece indicates the refractoriness of the sand. 

If the cones have all bent before the test-piece, a 
Fra. 21.— »Seger fresh experiment must be made using a higher series 
cone. of cones, whilst if none of the cones bend before 

the test-piece, a lower series must be employed. 
Sometimes, instead of regarding the limit of refractoriness as shown 
by bending, it is taken as the tenifjerature at which the sharp 
edges of the cones become appreciably rounded as a result of fusion. 
It is therefore necessary in reporting a test, or in considering the 
reports of other tests, to know exactly which standard is taken 
before a satisfactory comparison can be made. 

The heating must be slow and carefully controlled if an accurate 
result is to be secured, the most suitable rate of heating being 
a rise of about 10° C. per minute. 

It is sometimes preferable to employ a pyrometer, so that 
accurate information as to the actual temperature at the indicating 
point may be obtained, though this is liable to error, because the 
pyrometer attains the temperature of the furnace much sooner 
than the interior of the test-piece, whereas the advantage of Seger 
cones lies in the fact that their temperature rises at approximately 
the same rate as that of the samples. 

It^is sometimes desirable to separate the sand into two portions 
by means of a No. 150 or No. 200 sieve, and to test the heat resistance 
of each of these portions separately. For instance, by such a 
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sifting the coarser and usually more refractory materials are removed 
and the finer and more fusible ones are isolated, so that their 
fusibility and its effects arc more marked. In moulding sands, 
for example, where it is not the refractoriness of the sand as a whole 
that is required, but only its tendency to fuse in places, this separa- 
tion^ of the more refractory constituents is of great value. The 
refractoriness test on either or both portions is carried out in the 
same manner as on the sample as a whole. 

Melting Point. — When the true melting point of a sand or of 
one of its constituents is to be ascertained, only a few grains of 
the material can be used. Consequently it is necessary to view 
them through a microscope in order that their fusion may be 
clearly observed. For this purpose Doelter’s electrically heated 
furnace may be used. It consists of a small electrically heated 
cylinder, which forms the furnace, the material being supported 
on the end of a stick of bauxite or graphite, or placed in a capsule 
(which must l)e considerably more refractory than the sample 
to be tested), with the hot junction of an electric pyrometer below 
it. The heat from the furnace is prevented from affecting the 
microscope objective by placing a disc of transparent quart/ glass 
on top of the furnace. The remainder of the microscope may be 
shielded by asbestos sheeting. The sample is viewed through a 
microscope mounted above the furnace, the tcmfxraturc at which 
it begins to lose shape being ascertained by means of the pyrometer. 
Unless the temperature is raised very slowly, it is necessary to 
have two observers — one to note the temperature recorded by the 
galvanometer, the other to look down the microscope and report 
w r hen the fusion commences. It is necessary to make several tests 
so as to secure the requisite accuracy, as the chances of error when 
working on such a small scale are very large. 

As the amount of material used in this test is necessarily small 
(or the completeness of the fusion could not be observed with 
sufficient promptitude), the results are usually lower than those 
obtained by the use of Seger cones. This difference between the 
fusibility and the refractoriness of a sand is due to the fact that the 
term “fusibility” is applied to the true melting point of individual 
particles, whereas the term “ refractoriness ” is applied to a mass of 
sand into which heat cannot penetrate so readily as it does into 
individual grains. If the heating in the refractoriness test could 
be sufficiently prolonged at the melting point of sand, the figures 
f or ref ractoriness and melting point would coincide ; this is, however, 
impracticable with a mass of sand, so that the figures differ as 
stated. 

Porosity. — The total volume of the voids or pores in a mass 
of sand varies with the extent to which the sand has been com- 
pressed. Consequently, great care must be taken to reproduce 
the test under the same conditions as those under which the* sand 
is used. For instance, the pore-space in a cubic foot of sand 
contained in a vessel 12 in. by 12 in. by 12 in. will not be the same 
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as in a vessel 432 in. by 2 in. by 2 in., because the sand in the lower 
half of the latter vessel will be under considerably greater pressure. 
For the same reason, there will be less pores in a mass of tamped, 
rammed, or compressed sand than in an* equal weight of sand 
which lies “ loose ” in a shallow heap. 

The volume of the pofes in a loose sand may be deternpned 
by placing a measured volume (say 600 c.£ .) of the sand in a graduated 
glass cylinder (Fig. 22) holding 1000 c.c., avoiding undue compacting 
by pressing or shaking. From another measuring-glass a suitable 
volume, say 300 c.c., of water is poured into the first glass and the 
level of the liquid measured. The percentage of voids in the sand 

is found by adding the volume 
of the water to the volume of 
the sand, and deducting the 
volume representing the final 
leycl of the water from this 
total. Thus, if 600' c.c. of sand 
and 300 c.c. of water are used, 
and the final level of the water 
is at the 800 c.c. mark, the volume 
of voids equals (600 + 300) - 800 
= 100 c.c. Hence, 600 c.c. of sand 
contain 100 c.c. of voids ; that is, 
the percentage of voids equals 
16*7 per cent by volume. If 
the porosity of a compressed 
sand is to be determined, the 
same procedure is adopted, but 
the sand is first compressed to 
the desired extent in a vessel 
in which its volume can be 
accurately measured. Care should 
be taken — particularly in the case 
of a slightly compressed sand — 
not to separate the particles by pouring in the water too rapidly. 
To avoid this, it is sometimes preferable to admit the water through 
a tube entering near the bottom of the vessel containing the 
sand. This method of determining the porosity of a sand is not 
entirely accurate, as it is impossible to drive out all the air 
without disturbing the position of the sand grains ; in some cases 
as much as 10 per cent of the pores may be left filled with air, and 
the reported porosity may be low to this extent. The theoretical 
porosity of a sand may be estimated from the apparent density 
(or volume-weight) and the specific gravity as 

100 (S-A) 

F- g , 

where P=the percentage by volume of the pores, S *= true specific 
gravity, A = apparent density. Thus, a sand with specific gravity 
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Fio. 22. — Porosity test. 
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2*54 and apparent density 1*187 will contain theoretically 5Jf per 
cent by volume of pores, but the pores which can be filled with 
water would be somewhat less than this proportion. Moisture in 
a damp sand will reduce its porosity, and should therefore be 
determined. The porosity may then be calculated from the 
following formula, suggested by Taylou and .Thompson, in which 
W=Sthe weight of exactly 1 cu. ft. of the moist sand, P = the per- 
centage of moisture in the 1 sand, and fj^the true specific gravity 
of the sand. 


Per cent of absolute voids = 


WP\ 
~100 ) 
62*3 S J 


The air voids may be found bv deducting from the percentage of 
absolute voids, the c percentage volume of moisture ; the latter is 
found from the formula 

Per cent moisture by weight x weight of 1 eu. ft. of material 
62-3 ' 


Table LVIII., due to Taylor and Thompson, showB the percentage 
of voids for sand of different weights per cubic foot and different 
moisture contents. 

Permeability is a term used to indicate the extent to which 
gases or fluids will pass through a bed or layer of sand of certain 
thickness. It is specially important in connection with moulding 
sands and sands used for filter-beds. 

A very satisfactory method of testing the permeability of a 
sand, used by the author, is carried out on the following principle : 

A circular metallic box ( Fig. 23, p. 255), 3 in. diam. and U in. deep, 
with a flanged rim at the top, has the bottom cut out and replaced 
by a piece of wire gauze of any suitable mesh. On this gauze is 
laid a sheet of thin blotting-paper, and the case is filled with the 
sand to be tested, to a height of exactly 1 in., care being taken 
that it is as nearly as possible in the same state of compression 
as it is when in use ; thus, moulding sands will need to be tamped 
so as to secure the necessary compactness. In testing sands of 
this kind, the author, in order to preserve the conditions of normal 
ramming, usually places the empty case in a larger mould in course 
of formation, and removes it when filled, the space left in the 
larger mould being afterwards repaired. A second sheet of blotting- 
paper is laid on the sand and a flanged pipe is then clamped firmly 
on to the case, care being taken to avoid breaking* the structure 
of the sand. Water is poured gently into the flanged tube to B, 
height of exactly 40 in. (or exactly 1 metre) and the appliance is 
suspended above a glass measure. The time taken for 100 c.c. 
of water to flow through the sand into the receiver is a meyure of 
the permeability. In more exact experiments the level of the watei 
in the flanged tube must be kept constant. If care is taken in 
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Table LVJII. — Porosity of Moist Sand 


Weight of 

1 cu. ft. 
of Sand.* 

Percentages of Absolute Voids In Material containing 
Moistures by Weighty 

Moisture by 
Volume 
corresponding 
to 1 per cent 
by Weight. 


0 per cent. 

2 per cent. 

4 per cent. 

0 ( oer cent. 

8 per cent. 

r 

70 

57-6 

58-4 c 

59*3 

60*1 

610 

M 

75 

54 5 

55-4 

56-4 

57*3 

58*2 

1*2 

80 

51-5 

52 a 5 

53*4 

54*4 

55*4 

1*3 

81 

50-9 

51*9 

52*9 

53*9 

54*8 

1*3 

82 

50-3 

51*3 

52*3 

53*3 

54*3 

1*3 

83 

49 7 

50*7 

51*7 

52*7 

53*7 

1*3 

84 

49 1 

50 1 

51*1 

52*2 

53*2 

1*4 

85 

48-5 

49-5 

50*6 

510 

520 

1*4 

80 

47-9 

48-9 

500 

51*0 

520 

14 

87 

47-3 

48*3 

49*4 

50*4 

51*5 

1*4 

88 

46-7 

47-7 

48*8 „ 

49*9 

50*9 

1*4 

89 

40-1 

47-1 

48*2 

49*3 

50*4 • 

1*4 

90 

45-5 

46*5 

47*6 

48*7 

49*8 

14 

91 

44-8 

45-9 

47*0 

48*2 

49*2 

1*5 

92 

44-2 

45-4 

‘ 46*5 

470 

48*7 

1*5 

93 

43 6 

44-8 

45*9 

470 

48*1 

1*5 

94 

43 0 

44-2 

45*3 

46*5 

47*6 

15 

95 

42-4 

43*6 

44*7 

45*9 

470 

1*5 

9(1 

41-8 

430 

44-1 

45*3 

46*4 

1*5 

97 

41-2 

42-4 

430 

44*7 

45*9 

1*6 

98 

406 

41-8 

. 430 

44*2 

45*3 

1*6 

99 

40-0 

41-2 

42*4 

430 

44*8 

1*6 

100 

39-4 

40-0 

41-8 

430 

44*2 

1*0 

101 

38-8 

40 0 

41-2 

42*5 

43*7 

1*6 

102 

38-2 

» 39-4 

40-7 

4 HI 

43*1 

1*6 

103 

37-6 

38*8 

40*1 

41*3 

42*5 

10 

104 

37 0 

38*2 

39*5 

40*8 

420 

1*7 

105 

36-4 

37 0 

38*9 

40*2 

41*4 

1*7 

106 

35-8 

370 

38*3 

39*6 

40*9 

1*7 

107 

35-2 

36*4 

37*7 

390 

40*3 

1*7 

108 

34-6 

35*9 

37*2 

38*5 

39*7 

1*7 

109 

33-9 

35-3 

360 

37*9 

39*2 

1*7 

110 

33-3 

34*7 

36 0 

37*3 

38*7 

1*8 

115 

30-3 

31*7 

33*1 

34*5 

35*9 

1*8 

120 

27-3 

28-7 

30*2 

310 

33*1 

1*0 

125 

24 i 2 

25*8 

27*3 

28*8 

30*3 

2*0 

130 

21 -2 

22*8 

24*4 

25*9 

27*5 

2*1 

135 

18-2 

19-8 

21-4 

23-1 

24*7 

2*2 

140 

15*2 

16*8 

18*5 

20*2 

21*9 

2*2 


* The table la based on sand having a specific gravity of 2’6. 

t The percentages of absolute voids given In the above columns include the space occupied 
by both the air and the moisture. To determine the percentage of air space, multiply the 
figure in the last column, opposite the weight of sand under consideration, by the percentage 
of moisture by weight, and deduct the result from the percentage of absolute voids already 
< found. 

making the test, a series of results from the same sand are very 
concordant. 

In testing moulding sands by this method it will be found that 
whilst the results made by the same moulder are very constant, 
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those with cases filled by different moulders differ so greatly that 
no comparison is possible. Hence, in testing fresh deliveries of 
sand, it is important that all the test- 
pieces should be made by the moulder 
who is going to use the material. At 
the present stage this test is of value 
in works for the manager's own use, 
but not for comparison with the results* 
obtained by others, the differences ob- 
tained by unconscious variations in 
manipulation being so great. In a 
modification of this test the author 
endeavoured to substitute air in place 
of water, but the variations in the 
amount of air penetrating through tin* 
same block at different times, as well 
as with different tests of the same sand, 
made the use of air appear impractic- 
able. C. P. Karr claims to have obtained 
concordant results with air by means 
of a similar apparatus, but he tamps 
the sand by means of three blows de- 
livered by a weight of 14 lb. falling from 
a height of 2 in. 

Sharpness. — The sharpness of sand 
cannot be expressed numerically, but 
a careful microscopical examination 
will usually enable the relative angu- 
larity of the grains of two samples to 
be compared in a few minutes. 

Strength. — The measurement of tin* 
tensile, compressive, and transverse 
strengths is useful in some cases, but 
usually the value is very low and the 
errors of experiment are so great as to 
destroy the value of the results. 

The greatest difficulty is exj)erieneod 
with sands which are practically fret* Fio. 23. - Permeability test, 
from clay, as these have no binding # 

power, and therefore a mass of such sand has little or no 
strength, though that of the individual grains may be enormous. 
Consequently, tests of the strength of sand are usually limited to 
(a) impure sands containing a considerable proportion of day — 
such as moulding sands, and (6) mixtures of sand with Portland 
cement or lime, such as are used in concrete and mortars. Al- 
though the latter does not show the strength of the sand alone, 
it is often useful for comparative purposes. * 

The compressive strength or resistance to crushing may 
determined by ascertaining the maximum weight which can 
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carried by a cube of sand with 2-in. sides, the weight being applied 
in the form of a light aluminium cylinder with a base larger than 
that of the cube of sand. Water or mercury is run into the cylinder 
until the cube of sand loses its shape ; the weight of the cylinder 
with its contents then represents the pressure applied to the cube 
of sand. So far, the results, though interesting, are far from 
constant with different batches of the same sand, though consecutive 
cubes made from a small, sample yield concordant results. The 
compressive strength of mixtures of sand with cement or lime 
should be made in a hydraulic press designed for the purpose, as 
the pressure required is greater than can be applied accurately 
by means of a simple weight. It is usually better to have such 
tests made by an expert. 

The transverse strength of a sand is determined by making bars 
of the sand each 1 in. square in section and* 4^ in. long. These 
bars are placed on knife-edge supports, 4 in. apart and loaded 
in the centre by means of a knife-edge to which is attached a small 

pan of aluminium, into which shot 
or mercury may be poured. The 
breaking stress is reported as 
pounds, or fractions of a pound, 
per square inch cross-sectional area 
of the test-piece. This test is very 
delicate on account of the low stress 
required. 

Another simple method of test- 
ing the transverse strength of a 
sand is to make a number of test- 
pieces 1 in. square in cross-section 
and about 12 in. long. They should 
be placed on a glass plate and 
gradually pushed over the edge ; 
the amount which overhangs before 
breaking is a rough measure of the 
transverse strength of the sand. 

The tensile strength of a sand 
is determined by placing a test- 
piece of the shape shown in Fig. 
24, which is made in a mould 
of suitable shape. The mould is 
slightly oiled and placed on an 
Fio. 24— Tensile test-piece. oiled plate of glass or metal, and 

*' more than sufficient sand or mix- 

# ture 1 to fill the mould is put in by means of a trowel and tamped 
carefully until the mould is filled evenly, and the- water rises to the 

1 It is seldom possible to determine the tensile strength of ft clean dry 
sand, except by mixing it with a definite proportion of Portland cement and 
water and comparing the tensile strength of the product with that of similar 
mixtures composed of other sands. 
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surface, giving it a shiny appearance. The superfluous paste is then 
removed by drawing the edge of the trowel across the top of the 
mould. Care should be taken that the mould is not vibrated 
during the test, or the strength of the test-pieces will be reduced. 

Moldenke employs a separable frame of hardwood \\ in. thick. 
This frame may have one or more spaces, so as to produce any 
convenient number of test-pieces at a time. Each space is loosely 
filled and heaped with the sand to be# tested. The sand is then 
compressed with a hand-rammer to j in. over the top of the frame, 
and this surplus is struck off flush. Strips of wood the size of 
the test-pieces and exactly £ in. thick are laid on the sand over 
the spaces and are pressed flush with the frame so as to compress 
the already slightly packed sand and make the test-pieces exactly 
1 in. thick. The frame is then taken apart and the test-pieces 
are ready for use. For mixtures of sand with cement or lime a 
brass mould is to be preferred. 

In testing the strength of sands, the proportion of water used 
in mixing must be taken into consideration. The effect of different 
proportions of w r ater is shown in Table LIX. by Moldenke. 


Table LIX. — Effect of Water on the Strength of Sands 


Kind of Sand. 

No. of 
Samples. 

t! 

71 per cent 
Water. 

JO tier cent 
Water. 

Dry Sand. 

Fine 

18 

0-13 

010 

015 

1*28 

Medium . 

10 

0-70 

0*22 

(HI 

MJ8 

Coarse . 

48 

0-42 

o:u 

0-24 

1*88 


The figure given Ik the strength of the Hand hi jhiuimIs |»cr square hu h. 


A large proportion of water in coarse sands is relatively more 
detrimental than with -finer sands, as the coarser ones have a 
smaller surface area. 

If Portland cement is used as a binder the test-piece should 
be kept under water at a uniform temperature until ready for 
testing. If this is not desired, the test-pieces should be kept in 
a damp atmosphere for at least twenty-four hours before testing. 

The test-piece is placed between the jaws of a tensile machine, 
such as that shown in Fig. 25, and tension is applied by means 
of shot which is poured into a metal can until the test-piece is broken. 
The load at the time of breaking is noted and the strength of the 
sample reported as pounds per sq. in., or in other convenient terms.' 
The various strengths of sands aw usually compared with those 
obtained by using “ Standard Leighton Buzzard Sand.” 

Viscosity. — The rate of flow of a sand may be determined by 
passing a known quantity of it through an orifice of definite size 
and noting the time taken. Various sands may be compared in 
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this way, the time taken being a measure of the viscosity or rate 
of flow. It is essential that the same vessel should be used through- 
out the whole series of tests, as several factors, such as the shape 
of the cylinder, the nature of its interior surface, etc., can seriously 
affect the result (see p. 225). 

In spite of the difficulties experienced in testing sands anjl in 
formulating satisfactory conclusions from the results of such tests, 
their value is unquestionable, and as users accustom themselves 
more and more to the study of the properties of the sands they 



use, the greater will be the progress made. There is an increasing 
tendency to detailed standardisation of the different sands employed 
abroad, especially in connection with moulding sands, on account 
of the common use of artificial mixtures, but in this country there 
is such an abundance of natural sands which are sufficiently suitable, 
both as regards composition and physical properties, that there 
is less inducement to improve these natural materials. Nevertheless, 
a careful study of the sands used for different purposes is very 
necessary for efficient work. The chief difficulty is that the most 
effective tests are beyond the capability of the ordinary user, 
but this does not make their use unnecessary ; on the contrary, 
they should be carried out by a suitable expert. 



CHAPTER VII 


PROSPECTING, MINING, AND QUARRYING SAND 
AND SAND-ROCKS 

In searching for sands it is of great importance that the prosector 
should have a good geological knowledge, so that lie may know 
where to expect sands suitable for his purpose, and what kind 
of sands are likely to occur in any particular formation. The* most 
important general information of the geology of sands has been 
given in Chapter II. 

A rough idea of the situation of the sand deposits in the United 
Kingdom may be gained by a study of geological maps, such as 
those published by the Geological Survey ; more detailed informa- 
tion, however, can only be obtained by a careful study of the site 
itself, taking advantage of the clues provided by the hills, valleys, 
cuttings, old quarry faces, etc. 

In order to ascertain whether any sand deposit is likely to be, 
of commercial inqiortance, it is necessary to obtain the following 
information : 

The extent of the beds must be found by a careful study of 
the surrounding land. Any exposures of the beds, such as in old 
quarry faces, etc., should be examined to see whether the* particular 
bed under consideration is present, and, if so, its thickness and 
whether it is readily accessible. 

The slope* of the beds in different localities will give some idea 
as to their extent. Thus, if the beds are horizontal, they may 
extend for a considerable distance, whilst if they slope at a steep 
angle they may only be accessible over a very short ap*a on account 
of the thickness of the overburden. In some cases it may be found 
that a bed becomes thicker in one* direction and thins out until 
it disappears in another direction, or it may change in quality, 
being valuable in one part of the bed but quite useless in another. 

Faults, fractures, slips, hitches, etc., caused bv volcanic or 
other action may have occurred in the district and may have 
broken up a bed, thereby causing trouble in prospecting for and 
in obtaining the material. Such occurrences must lx* wefully 
studied, their direction being recorded on a map drawn to a 
sufficiently large scale. 
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In some cases it may be found that a huge mass of rock may 
be intruded into a deposit, and careful study is then necessary 
in order to determine where the most accessible parts of the sand 
deposit lie. 

If the deposit is near the surface of the ground, it is necessary 
to know what quantity of .overburden or “ callow ” lies above the 
bed in different localities. Thus, in some parts it may be only 
a few inches, whilst in another part of the property it may be many 
feet in thickness, rendering the winning of the sand much more 
difficult and costly. 

It i#therefore necessary in prospecting a bed of clay to map out 
carefully the whole area in both horizontal and vertical directions, 
indicating upon the maps the depth of the deposit below the ground 
in different localities, the inclination of the deposits, their thickness, 
and other important information. By this -means the value of 
a deposit may be ascertained with some degree of accuracy, and 
arrangements can be made for it to be worked in the most economical 
and remunerative manner. 

It is desirable to divide the area to be examined into a consider- 
able number of equal parts and to make a pit or boring (infra) 
in the centre of each. The number of pits or borings may be 
minimised by a careful examination of the deposit by other means, 
as such borings are very expensive and some parts may be left 
untested in order to economise expenditure, but it is important 
not to take too great risks m this direction, otherwise a deposit 
may be found to run out after only a very short period of working. 
The results of any nits or borings made should be noted upon the 
maps of the deposit, and the spaces between the borings filled in 
as accurately as circumstances permit. 

Boring. — For testing deposits which lie at a considerable depth 
below the surface the use of some type of boring apparatus is 
necessary. As these are costly, require some skill in use, and are 
only wanted temporarily, it is better to employ a firm of professional 
borers who will ao the work for a definite price. 

The apparatus used for making such borings consists of a 
core drill , which is a long tube, the lower end of which is fitted 
with a cutting edge or, preferably, with diamonds, so arranged as 
to produce a core which can be removed either in the drill or 
separately, 'fhey are usually started by hand and are then con- 
tinued by machinery. 

The examination of the material obtained by boring is by no 
means easy, as in the first place the passage of the tool may cause 
some admixture of different strata and so produce an incorrect 
sample. It is therefore necessary to take the utmost precautions 
to obtain a representative sample. Too much care cannot be 
taken to ensure accuracy in this respect. 

If «the total length of the cores withdrawn does not agree closely 
with the depth to which the boring tool is sunk, seriously erroneous 
conclusions may be drawn. When a bed of apparently suitable 



VALUATION OF SAND DEPOSITS 


271 


material has been found, samples should be taken from different 
parts of the bed in the manner described on p. 234, and carefully 
tested so as to determine their value for special purposes. 

Various rough tests may be applied on the spot in order that 
a general idea of the quality of the deposit may be obtained. The 
appearance of a sand (p. 205) may help somewhat in estimating 
its quality, though it is not altogether reliable. The application 
of a little hydrochloric acid fo a small sample will render the presence 
of any calcium carbonate obvious. The compactness or friability, 
which to some extent determines the ease of working, may be 
tested by digging with a spade, or breaking the stone, if it is"a rock, 
with a hammer. Other more detailed tests, such as those described 
on pp. 235-268, must also be carried out, the number and extent 
depending on the use to which the sand is likely to be put. 

Before finally deciding to work a deposit of wand or sandstone, 
it should always be tested sufficiently exhaustively, so as to be 
perfectly sure that the quality is satisfactory for the purpose in 
mind, and the tests should bo carried out on a sufficiently largo 
scale to render it reasonably certain* that the material will be 
satisfactory on a commercial scale. 

Preliminary tests on a small scale, if properly carried out, 
are the best means of saving costs in prospecting, and should always 
precede larger tests, but the latter should never be omitted if the 
former give favourable indications as to the value of the material 
Neglect of this precaution leads to the waste of enormous sums 
of money by prospectors and capitalists. 

As the success or failure of the enterprise may eventually 
depend upon the accuracy with which the prospection and tests 
have been made, and the reliability of the indications given, it is 
wise to place the whole of the investigation in the hands of an 
expert. This is the more necessary as, even when tho nature, 
situation, and extent of the deposits arc? known, there are several 
highly important matters — such as the planning of the mine or 
quarry, precautions against flooding, and the disposal of the over- 
burden — to be considered. 

The location of the site relative to the market for the product 
is a further factor requiring consideration, as it has not infrequently 
happened that a firm has suffered many inconveniences due to 
unsuitable location, when a little more knowledge of the distribution 
and sale of the material would have saved them much trouble. 

The valuation of a deposit of sand or sandstone must be based 
upon (1) its size, (2) its location, (3) the cost of fringing the 
material to the place where it will be used (t.e. to the surface, or 
on to the railway or boat, and thence to the user), and (4) the rate 
at which it will be obtained. The last factor is especially important 
to the purchaser, as the present value of a sand deposit, portions 
of which cannot be used for some years, is necessarily different 
from what it would be if the whole deposit were to be used up in 
a single year. Thus, if the present value in pounds equals C, the 
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rate of interest for similar investments (usually taken as 4^ per 
cent) =r, the number of years required to work out the deposit*- 1, 
the value of the sand or stone to be removed annually or the royalty 
paid per annum = V pounds sterling, then 

* “ 1 + 100 ’ 

<. 100 V( Ic'-'i) 

1 rk H 

For practical purposes this may be simplified into Table LX., 
in which the first column shows the duration of the sand or stone 
deposit, and the second and third the number of times the yearly 
royalty or the value of the sand removed annually (V), which is 
equivalent to the total present value of the deposit. 


Table LX. — Valuation of Sand Bed 


Duration In Yean. 

Present Value. 

Interest at 4 percent. 

Interest at i> per cent. 

10 

8-11 V 

7-72 V 

15 

1111 V 

10-30 V 

20 

. 13-58 V 

12-4(5 V 

25 

15 (52 V 

14-10 V 

50 

21-48 V 

18-13 V 

100 

24-50 V 

10-85 V 

200 . 

25-00 V 

20-00 V 


If R =the royalty in pence per ton, and T = the average number 
of tons to be removed annually, 



It will be noticed that the rise in value after fifty years is very 
small, and may usually be neglected. Indeed, few persons would 
give more than sixteen times the value of the sand removed annually. 
Even for the most valuable sand deposit and for most sands in this 
country the value of the ungotten material is not measured by its 
volume, but is very little larger than the agricultural value of the 
land. Thus a field containing an unworked bed of sand in a dis- 
trict where the agricultural value of the field is £30 per acre will not 
usually have' its value increased by more than £20 per acre as a 
result of useful sand being present. In some localities where special 
conditions prevail a higher value will be placed upon the land. 

Selecting a Site. — When a deposit of sand or sandstono has 
been thoroughly examined and found suitable, it is necessary to 
decide upon the method in which it is to be worked and the manner 
in which the deposit is to be opened out. 
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It is of great importance, before actually owning out a quarry 
or sJtnd-pit, that the site should be carefully and skilfully chosen, 
as a mistake in this preliminary work may eventually result in the 
failure of a venture which ought to have been highly successful. 

A considerable number of quarries have been started on the 
wroyg side of a hill, so that no advantage can be taken of the dip 
or lie of the strata. In other cases, the men work “ straight ahead ” 
into a hillside when it woulfl be much oheajjer to “ edge ” the hill 
and to work at right angles to the present direction ; this is 
especially the case where there is a thick covering of overburden 
or useless material. Sometimes a site is chosen which is suitable 
in some resects, but is, on the whole, inferior to another possessing 
a single drawback which could be overcome by a little ingenuity. 
Again, a site is sometimes selected near the top of a high hill and 
a long way from the railway or road, yet sand of the same quality 
is available much nearer to these facilities. In these and many 
other ways, .the selection of a suitable site is of paramount 
importance. 

In selecting a site, special attention should be paid to (i.) the 
overburden, (ii.) the position of the dip and strike of the strata, 
(iii.) the drainage possible, (iv.) the water-supply, (v.) the haulage 
grade to crushers and from thence to the railway, (vi.) the position 
of the railway and the cost of a siding, (vii.) suitable sites for power- 
station, crushers, etc., and (viii.) the transportation facilities. All 
these items are of great importance, and ; f any one is wholly 
unsatisfactory, the site should usually be abandoned. 

The thickness of the overburden and the cost of removing 
and disposing of it very largely govern the value of a given sand 
deposit, for it is obvious that an excessive thickness of useless 
material cannot be profitably removed to clear a comparatively 
thin bed of sand. Hence, the site should Ik; chosen so that there 
is a minimum thickness of overburden to be removed. Whether 
this can be done economically depends on the thickness of the 
underlying sand and on local conditions respecting the disposal 
of the overburden. 

The steepness or dip of the strata has a serious effect on the 
cost of haulage, especially if it is away from the face of the quarry, 
so that all the sand has to be hauled up an incline. Such down- 
ward-dipping strata also cause further trouble by actjng as catch- 
pits for rain-water, unless a suitable system of drainage is installed. 

The Lay-out and Planning of the quarry or sand-pit cannot 
receive too much skilled attention, for much of tl\e difference 
between success and failure in working sand depends on the 
efficiency of the system used. Each quarry or pit presents its 
own special problems, and unless the working is carefully and 
skilfully planned, and the local considerations duly taken into 
account, there is likely to be failure. • 

In the first place, the stability of the quarry or pit must be 
assured, and all necessary precautions to secure it must be taken ; 

VOL. i T 
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otherwise, there may at some time be a seriotis landslip, and lives 
may be lost. The precise precautions to be taken to eifture 
stability depend on the locality, blit as a rule the width of the 
bench or platform should be equal to the length between each 
bench and at least half the height. 

The quarry should be* made in the side of a hill rather Jhan 
by excavating below the ground level, though in some easel the 
latter is unavoidable. The quarry face should not be worked to 
a height of more than 25 ft. at a time ; that is to say that if a greater 
height of face is desired, it should be worked as two or more separate 
benches or sub-faces, each of which is not more than 20-25 ft. in 
height. Excessively high faces are not economical, as they involve 
special precautions to ensure safety as well as the use of excessively 
large cranes, etc., which increase the cost of working. These 
objections are avoided by working in sections or benches of 20-25 ft. 
in height. High faces cannot usually occur in a sand-pit, but they 
are sometimes found in sandstone quarries. 

The site having been selected as skilfully as possible, the man 
in charge of the lay-out on working plan should exercise his skill 
and ingenuity in arranging that all the operations in the quarry 
or pit shall be planned so as to avoid all methods that place an 
unnecessary burden on labour. Thus, excessive rehandling of 
material, complexity in transportation systems, and loss of time 
through conflict of various? operations should be avoided. In 
many cases this can be accomplished by a modification of the 
method, involving no heavy expenses in the purchase of new 

S ment. In large quarries, especially in the United States, 
methods are being largely superseded by mechanical means, 
not so much as a result of a pronounced shortage of labour as 
because the mechanical methods are cheaper, quicker, and promote 
rapid increase in production. When labour is cheap and plentiful, 
the advantages of mechanical equipment, particularly in small 
quarries, are questioned by many quarry-owners, but in large 
quarries the advantages of mechanical equipment are generally 
recognised. The adoption of such equipment has, however, been 
slow in many places. This is due to various causes, the chief of 
which are conservatism, lack of information on modern equipment, 
and lack of capital. In some sand-pits and sandstone quarries 
in the British Isles the use of rapid-working excavating machinery 
would be quite unjustifiable, because the total quantity of sand 
or stone to be moved in a year is so much less than the output of 
the smallest size of machines. For instance, a steam navvy will 
seldom pay if there is less than ten years’ continuous work at three- 
quarters of its full capacity, or say a quarter of a million tons in 
all. For smaller outputs to be worth the installation of a machine, 
either labour must be scarce or there must be some other con- 
sideration, such as the necessity for completing the work as rapidly 
as possible, the cost of which can be recovered in the price obtained 
for the sand. 
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A fruitful source of waste in many pits is the needless handling 
of material, owing to the sand being unloaded and reloaded 
unnecessarily, or to its being dumped in places that require excessive 
labour for its subsequent removal. Such excessive rehandling 
may be due to lack of equipment, to faulty design, or to carelessness 
and oversight, but whatever the cause, its effects on the profits 
are Obvious. Such unnecessary handling is always costly, and in 
times of shortage of labouf it is imperative that radical changes 
should be made to remedy such faults. 

In laying out a sand-pit, and especially a quarry, it is necessary 
to look well ahead and to consider what will be the effect of the 
present arrangements when the quarry has been working fifteen 
to twenty years. A further matter of importance is the “ weight x 
distance ” factor of all materials moved, which must be kept' at 
a minimum. Many mien in planning quarries pay much attention 



to the weight of the material to be moved, but they overlook the 
distance to which it has to be taken. In view of this fact, the 
disposition of the tram-lines or tracks leading from the quarry face 
to the works is a matter of great importance. If these are wrongly 
placed, either the men will be hampered in their work or great 
expense may be incurred in putting the tracks in a suitable position, 
or the cost of transport may be excessive. The ordinary method 
is to arrange a series of tracks radiating from the main line, or 
pair of main lines, to various parts of the quarry face (as in Fig. 20). 
In many respects this is a good arrangement, but it has the minor 
drawback of compelling the men taking trucks or wagons to the 
face either to wait until the track is clear or to throw the empty 
wagon off the line and reinstate it later ; the latter process involves 
unnecessary labour, delay, and damage to the wagons. By using 
double tracks, this trouble may be largely avoided, though even 
then it is sometimes difficult to secure a wholly satisfactory method 
of delivering empty wagons and removing full ones. 

When conditions permit, it is often better to arrange a track 
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along the quarry face and to have the material thrown into the 
wagons on this track. Some quarry men object to this, because 
the tracks have so often to be altered, but in many cases this is 
less serious than is often supposed. When a steam navvy, grab, 
crane, or other mechanical loader is used, the arrangement of a 
track along the quarry face (Fig. 27) is by far the simplest and ^est. 

No one method is equally satisfactory in all cases, and the 
quarry man who would get* the best results must exercise consider- 
able ingenuity and skill. 

The Position of the Machinery relative to the quarry face and 
to the spoil bank on which the overburden is tipped requires careful 
consideration. The machinery ought obviously to be placed in a 
position where it is free from all danger from landslips or explosions. 
It should also be placed in such a position as to be out of the way 
of developments of the quarry face, spoil bai?>k, or railway siding, 
and yet convenient for the supply of power and readily accessible 
from the works. Here again no general rule can be applied to all 
cases, but it is usually wise to keep the machinery well in front 
of the quarry face and so ny? what below the quarry floor so as to 
make full use of gravity. The distance between the quarry face 
and the machinery ought to be sufficiently large to accommodate 
the spoil bank, unless there is some hollow somewhere which can 
be filled with overburden and can never be required for any other 
purpose. A serious mistake which is often made in planning a 
sand-pit or quarry, is to place either the spoil bank or the machinery 
on good material, which cannot, therefore, be quarried, and is to 
all intents and purposes lost. 

It is an excelleht plan to allow space for machinery capable 
of producing five times the anticipated maximum output of the 
quarry, as this allows of ample development, keeps the plant well 
out of harms way, and generally facilitates the working of the 
quarry. 

The chief Sources of Power in quarrying or mining sand, sand- 
stones, etc., are steam, producer gas, and electricity, with com- 
pressed air or water (wave transmission) as secondary sources of 
power. The use of these in connection with drilling is described 
on p. 300 ; the power required for crushing, transport, etc., is more 
conveniently described under these respective subjects, and it 
must here suffice to state that in planning a quarry or mine, ample 
power should be provided, even though it is not all required at 
first ; as the works increase in output, it is then easy to proceed, 
whereas in the absence of provision for ample power the whole 
future of th3 property may be jeopardised. 

The other chief items requiring attention in planning any given 
site or quarry are: (i.) the floor; (ii.) the drainage; (iii.) the removal 
of the overburden or stripping; (iv.) the methods of extracting 
the s$nd or stone ; (v.) the removal of the material to the crushers ; 
and (vi.) the position of the various accessories. 

The floor of the pit or quarry, where possible, should slope 
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away from the face, and its lowest point should, where possibles 
lie above the drainage -level of the surrounding area, so as to avoid 
the necessity of pumping. Where the nature of the strata permits 
it, an almost level floor is in every way preferable to a steeply 
sloping one. The arrangement of the floor so as to ensure good 
drainage is very important, and failure in this resect is one of 
the commonest causes of ^oss. If the beds are develop'd down 
the dip of the strata, accumulations of water may occur at the 
working face after very heavy rain, and cause a temporary susj>en- 
sion of operations, with consequent loss of labour. If the bods are 
worked in the opposite direction, the water will drain away, and 
no accumulation of water at the face will be possible. Where the 
sand or stone lies in horizontal beds, the working is rendered very 
simple, as the smooth floor requires little or no grading or ballast 
for tracks, and trackMaying may be accomplished with a minimum 
of labour. A smooth floor also facilitates loading. 

The drainage of a pit or quarry is a matter which should have 
more attention than is commonly paid to it. The wise manager 
will always endeavour to secure natural drainage as far as possible, 
and even where some pumping is necessary it is mOst economical 
to attempt to secure natural drainage for the site* as a whole, and 
to pump the water from a sump or well, into which the water from 
the rest of the workings drains naturally. This can usually bo 
secured with a little forethought and planning, so that there is 
a slight slope in the floor of the quarry towards one or more definite 
sumps or wells. Unless this is done there will Ik* a series of delays, 
much slow working and some accidents, because the face and floor 
are too wet. The above precautions may seem to be an unnecessary 
expense, but the results are well worth the cost. In some old 
quarries with which the author is acquainted, it has even been 
found profitable to abandon the existing face and to reopen the 
quarry at a different point, so as to ensure efficient drainage ; 
the lower costs of working the quarry under dry conditions rapidly 
paid for the cost of reopening the stone at a different point. Where 
such a course would be regarded as too drastic, it is usually possible 
to work along the strike, i.e. at right angles to the dip of the strata, 
in order to secure natural drainage of the sections or benches. 


GETTING THE MATERIAL 

The methods of working deposits for sand vary .very greatly 
according to the nature of the deposit. Sand -bearing deposits 
may be roughly divided into the following groups : 

1. Loose or slightly coherent sands. 

2. Harder rocks, such as quartzites, sandstones, ganister, etc. 
The deposits may or may not be covered by a certain amount 

of overburden, so that the processes of working will be described 
under the following heads : 
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1. Removal of overburden. 

2. Working loose sand deposits in open quarries or pits. 

3. Working sand rocks in open quarries. 

4. Working sand rocks in mines. 

Removal of Overburden 

In some localities whdre the overburden is thick, its removal 
involves problems in* quarrying which are almost as great as those 
in connection with the removal of the sand itself. In most cases, 
however, it is not profitable to remove more than 6 ft. of overburden 
in order to obtain direct access to the sand beneath. 

The overburden to be “ stripped ” or “ ridded ” is usually 
of a relatively soft nature, and can be removed either by digging 
by hand or by excavating machines, or, if sufficiently thick or 
accessible, by means of a steam rjavvy. If the quarry is near a 
watercourse, the ridding may sometimes be effected by washing 
away the material hydraulically with powerful jets of water applied 
by fire engines or similar appliances. In such cases powerful 
hoses are used, through which a stream of water 1J-2 in. diameter 
at a pressure of 40-60 lb. per sq. in. is directed on to the material 
to be stripped, and the latter is rapidly washed away. If water 
is rather scarce, the product from the washings may be collected 
in settling ponds and the dear water used over again, but this 
method of stripping gives the best results when the waste material 
can be discharged into a river, or deep lake?, or even into the sea. 
This is a cheap method, but it can only be used where there is an 
abundant supply of water and a large dumping area at a suitable 
level. 

The nature and amount of material to be moved governs to 
a great extent the methods to be used. The most expensive 
method of removing overburden is by pick, shovel, and wheel- 
barrow or wagon. These tools can only be applied economically 
where the overburden is very thin or the conditions are such that 
other implements cannot be employed. Under average conditions, 
a man may be expected to shovel into an ordinary wagon 20 cu. yds. 
of light sandy soil or 15 cu. yds. of heavy soil, well loosened, per day. 
In shovelling ordinary earth, a large number of experiments have 
shown that «the most economical load for an average shovel is 
21 lb. The size of the load and the shape of the spade or shovel 
vary with the material being handled, and if these matters are 
properly caved for there is*, possibility of increasing many a man’s 
output by about 50 per cent, as most men lift about 15 lb. on each 
shovelful. This increase in output comes partly from experience 
and industry, but chiefly by using a shovel of a Shape suited to the 
work and seeing that the man is taught how to use it. 

Ill loading wagons, a man working under normal conditions, 
and using a D-handled shovel, will throw the following amounts 
in ten minutes : 
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Height ot Wagon. 

3 ft. 

4 ft. 

4 ft. 6 in. 

5 ft. 

5 ft. 6 in. 

6 ft. 


Volume of Earth thrown. 


1 -4 cu. yds. 
1 -33 


1-2 

11 

0-9 

()« 


In casting ordinary eaHh through# a horizontal distance not 
exceeding 10 ft. a man will average 18 shovelfuls per minute. 

In loading wheelbarrows or low carts without an end and not 
exceeding a height of 33 in., a man casting average earth will 
have an output of about 15 shovelfuls per minute. 

The influence of several men on each other is important, and 
a good foreman with a gang of contented men will get through 
more work, and at each throw will deliver a larger shovelful, than 
if the men are discontented or isolated. As the number of shovellers 
to each wagon is increased above four the average efficiency will 
decrease, and if ten shovellers were employed on one truck the 
average efficiency would not exceed 8i\ p^r cent. 

A correct position is essential in shovelling, and it is well worth 
while to teach a man how to dig and shovel properly. Few 
labourers know how to move their bodies, or to handle the shovels 
so as to make the work easy for themselves and rapid for their 
employers. The men should be placed at their work according 
as they are right-hand or left-hand workers. The right-hand 
man casts his load from his right side, while the left-hand man 
throws from his left. Where possible, the men should be trained 
to shovel either right-handed or left-handed* Standing close up 
to the material, the man should bend his back and his shoulders 
forward, not as in picking an article from the ground, but so that 
he is well balanced on his feet, one leg being well in front of the 
other. In digging, the spade should be pressed directly, then 
lowered back and lifted horizontally with the load. In shovelling, 
on the contrary, the wrist of one arm should lie laid on the knee 
of the front leg, and the other knee should rest against the end of 
the shovel. The shovel is thrust into the mass by the movement 
of the body, the object being to throw the weight of the body into 
the motion used in thrusting the shovel. When the shovel is full, 
the knees and back are straightened, without altering the position 
of the hands. The load is then cast away by turhing the body 
when the height and distance are not great. With longer throws, 
the arms must be used to give the shoyel the necessary motion. 

Scrapers. — Apart from picks and shovels, and when only a small 
outlay of capital is available, a plough and scraper are among the 
most efficient implements which can be employed, on account of 
their adaptability and comparatively cheap working cost. The 
plough is necessary to loosen the earth before the scraper jean be 
nlle<L A horse-drawtf drag scraper is more suitable for close work 
and short hauls, and a wheel scraper for open work and long hauls. 
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The latter has a larger capacity than the former, and, being on w heels 
is much easier for the horses. One plough moving fairly steadily 
can Jooson about 300-400 cu. yds. per day. Better results can 
usually be secured in very hard or tough ground by a scarifier 
drawn by a tractor or roller, but in ground of this nature blasting 
is usually more economical when the depth of the material tq be 
loosened exceeds 3-4 ft. 0 

Horse-drawn scrapers h$ve a gross ckpacity of 3, 5, and 7 cu. ft. 
and a net effective capacity of about 60 per cent of these quantities. 
Each scraper will place under average conditions 50-65 cu. yds. 
of compacted fill per day, but a scraper hauled by a drag-line has 
four times this output. Ploughs and similar appliances are only 
suitable where the overburden consists of a relatively soft material 
such as “ soil,” clay, or gravel. 

Drag-line excavators, which consist of rectangular tray, 
or skip, with a (jutting or scarifying device at the front, are some- 
times used for removing overburdeA. The tray is suspended from 
an elevated ropeway in such a manner that it can be drawn along 
the ground by a hauling roj^e and can dig slightly into the ground 
and fill itself simultaneously. As the hauling rope may he of any 
convenient length, a drag-line excavator has a wide range of action 
and can he used on slopes as well as on level ground. Drag-line 
excavators arc not seriously affected by water or floods, and they 
can often work under conditions which would be unsuitable for 
any other form of mechanical excavator. This type of excavator 
is more fully described in connection with the working of loose 
sand deposits (p. 282). 

Steam navvies ale the cheapest means of excavating a thick 
overburden. They work most efficiently in loose material which 
is sufficiently thick to allow' the shovel to make a cut throughout 
the greater part of its stroke, as steam navvies are not usually 
economical when they cut or dig during only a small fraction of 
the stroke. These machines are further described in connection 
wfith the working of loose sand deposits (p. 283). 

Grab excavators are similar in many respects to a steam navvy, 
but instead of the bucket being forced into the material by means 
of a powerful arm or boom, a “ grab ” or ” clam-shell ” bucket 
is suspended from the end of the jib, and as it drops on to the ground 
it digs into the latter. On tightening the appropriate rope, the 
grab is filled, Closed, and hauled up. The crane then revolves, and 
eventually the contents of the grab are discharged into a truck 
or wagon. Grabs are dealt with more fully in the section on 
working loosS sand deposits *(p. 287). 

Ladder excavators are a modification of a well-known device 
known as a bucket elevator, and consist essentially of an endless 
belt to which is attached a series of buckets, each provided with 
$ digging or cutting edge. They are more fully described in the 
section on working loose sand deposits (p. 290). 

Explosives may he used for loosening rocky or other hard 
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overburden, and are employed in a manner similar to that used 
prior to excavating hard sand rocks (p. 205). The loosened material 
is afterwards loaded by one of the appliances described above. 

The cost of removing overburden and delivering it into wagons 
may be estimated roughly from the following figures : 


HaM shovel and tipping wagon 15d. per cu. yd. 

Steam navvy and wagons hauled by small engine . . 8d. „ 

Steam navvy and stripping conveyor returning overburden 

to disused workings 4d. 

Drag-line scraper (to loading platform only) 4d. 

Hydraulic stripping 2d. ., 


These figures are quite general in character, and have to be 
modified greatly before they can be applied to some quarries. 

The disposal of the overburden is a matter to which much thought 
should be given, because the removal of the material at a later 
date will add unnecessarily to the cost of working. This is a 
precaution which ought obviously to bo taken by all quarrymen, 
yet it is surprising to find how often the overburden is tipped on 
valuable deposits which will be required at some future date. 

In selecting a tip or dump, care should he taken that (i.) the 
material placed on it can do no harm, and (ii.) it will not in any 
way interfere with the future development of the works. 

Sometimes it pays to carry the ** stripping " to a natural valley, 
hollow, or swamp which will be more useful if filled, hut usually 
the best place for the overburden is well behind or well to one 
side of the works or between the works and the quarry face. 

For conveying the stripjxxl material to tip* tip, wheel harrows, 
wagons, or conveyor belts are used, hut occasionally an overhead 
ropeway is employed. Wheelbarrows are the slowest and most 
expensive, except for very small quantities ; conveyor Mts are 
cheapest if the quantity to be conveyed is sufficient to justify their 
instalment and the distance is not too great. For longer distances, 
the choice between wagons and a ropeway must largely depend 
on local conditions. 

Where a wide tip is required to he made by means of a rojx^way, 
the use of rocking towers at either end of the rojie may he an 
advantage. An arrangement of this kind — known as the Harrington 
rocking cableway — is supplied by the Railway and Industrial 
Engineering Co., Greenburg, Pa., U.S.A. (See also Chapter XI.) 

Working Deposits of Loose Sand 

The commonest method of working deposits of loose sand in 
this country is by hand, as most of the pits are comparatively 
small and hand labour is perhaps the most economical means of 
getting the sand. The material is dug in practically the same 
manner as has been described for removing the overburden (p. 278)* 
The plough and scraper (p. 279) may sometimes be employed, though 
its use is somewhat rare. 



282 SCOOPS. 

Where the sand is to be removed on a sufficiently large scale, 
it is preferable to employ mechanical excavators, the particular 
type used depending on the nature of the deposit and the methods 
by which it can be worked. 

Scoops are not used avS extensively as they might be in quarries, 
because they are insufficiently known, particularly in Great Britain. 
As the work to be done by them is very rough and heavy, scbops 
must, of course, be correspondingly strong, and the hauling or 
pushing mechanism must be sufficiently powerful. The scoops 
used are of two types : (i.) scoops hauled by a rope and known as 
“drag-line excavators”; (ii.) scoops pushed into the material and 
either lifted and moved away or so arranged that the material is 
forced on to an endless belt at the back of the scoop and is thereby 
removed. The buckets or dippers attached to steam navvies or 
ladder excavators may, of course, Ikj regarded as scoops, but it 
is more convenient to exclude them, as they are described later. 

Drag-line excavators are sometimes quite satisfactory for excavat- 
ing loose deposits. As previously mentioned, they consist of one 
or more buckets with a cutting or scarifying edge, which are dragged 
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over tho ground by a ro\K and so scrape up a load of the material, 
the amount depending on the size of the bucket. Drag-line 
excavators are of two types : (i.) those in which the skip is hung 
from the jib of a crane and is hauled towards the body of the crane ; 
and (ii.) those in which the skip is operated by a ropeway. The 
latter have far greater range, though a skilled man operating the 
first type (‘an swing tho skip 30 ft. or more beyond the end of 
the jib. 

In both types of drag-line excavators a high speed of operation 
and ample digging power are the most important factors ; flimsy 
apparatus is useless in this type of excavator. 

A drag-line excavator operated from a ropeway (Fig. 28) is very 
popular in the United States, and by its means the sand can be 
excavated, elevated, conveyed to the plant, and dumped in what 
is practically one continuous operation. 

Pusher-scoops are very useful for beds less than 3 ft. thick. 
They are selt-propelled and can work their way through a mass 
of sand at the rate of 70 ft. per minute,- moving a maximum weight 
of a ton per minute and dealing with blocks up to 9 cwt. each. 
They have not been used to any great extent in England, but the 
4lyersiWhaley shovelling machine has met with great success in 
some quarries in the United States. One of these machines, requiring 
three men— a driver, a wagon coupler, and a helper— will do as much 
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work as twenty men with hand tools. The front of the shovel 
is so designed that it will reach 10 ft. to either side from the centre 
of the track. The machine requires 20 h.p. to drive it at full 
capacity ; either compressed air or electricity may be used. 

. The use of a tractor for working a scoop offers considerable 
pc$sibilities and is worth consideration in some quarries. The 
chief difficulty is that where the ground is so rough as to make 
a scoop practicable,’ it will*soon wear out the tractor. 

In an American machine, made by the Pawling and Harnischfeger 
Co., of Milwaukee, IJ.S.A., a boom is fitted which, when digging, 
is horizontal, the scoop running along it away from the tractor. 
When the bucket is full, the boom is raised and the machine turned, 
so as to tip the material into a truck or other receiver. Another 
useful scoop is the Rapid-digger Co.’s machine (Fig. 29), which 
is hauled and discharged mechanically, but is guided through the 
material by hand. This machine can be quickly moved about 
under its own power ; it has a reasonably long working range and 
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is, under favourable conditions, equivalent to the work of ten to 
fifteen men. 

Steam navvies (Fig. 30) are very satisfactory for digging sands 
which are sufficiently friable, and if there is a sufficient thickness 
of material to work upon. For effective work with a steam navvy, 
however, the quarry must have a long face, with a terrace or bench 
of sufficient width to accommodate the navvy and two sets of lines, 
for the wagons and the whole of the material must be dealt with 
“as it comes.” If much sorting is necessary —as when fissures 
or intercalations filled with clay or other materials occur— a steam 
navvy is of little use. For excavating or lifting shattered or broken 
stone, a steam navvy should be of suitable design and with a long 
range. Some of the most suitable ones will “clean up a quarry 
floor ” as well as load from a high bank. In a properly arranged 
quarry of sufficient size to keep a steam navvy fully occupied, this 
machine will be found to work remarkably cheaply, for excavating 
either sand or a shattered rock, or for picking up broken stone, 
provided it has enough work to do. ^ • 

To work efficiently, a steam navvy must be able to work 
continuously for eight hours per day during five days per week, 
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and in most cases it is essential that the navvy should work during 
a considerable part of its stroke. To get the best work from a 
steam navvy, it must also be supplied with sufficient trucks or 
wagons into which it can discharge its contents, unless it is tipping 
overburden direct on to a spoil bank. The lack of sufficient wagons 
is one of the commonest causes of steam navvies being less profitable 
than is expected ; this difficulty is best overcome by frequent 
observations and detailed records of performance. Such records, 
if attended to quite promptly, are invaluable, as indicating irregular 
or other inefficient form of working. 



it uxt on, Hornnhii <f- Co., Ltd., Lincoln. 

Kin. 30. — Steam navvy. 

Overturnings are not frequent with steam navvies, but they 
are so troublesome and dangerous when they do occur, that all 
reasonable care should be taken to prevent them. In the smaller 
sizes of navvy the wheel base iB extremely small, and if the base 
is swung with a load beyond the safe capacity for an increased 
angle of elevation, the machine may be tipped on its side when 
this angle is increased very slightly as a result of slight inequalities 
in the rail bed. Even when travelling on a straight track and with 
the axis of the boom parallel to that of the track, slight obstructions 
on the* track are sufficient to cause disaster if the navvy is at, 
or near, its ultimate lifting capacity and its point of safe balance. 
Another source of risk lies in failure to keep in the best condition 
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the road over which the machine must travel. Frequently, in an 
effort at economy, light-weight or partly decayed slee}x*rs and 
second-hand, defective or light rails have been used, resulting in 
an inconvenient, and unsafe road-bed. If the road-bed is not 
kept in good condition and projjerly drained, it will Income uneven, 
so Jbhat the navvy does not travel steadily and is very likely to 
overturn. 

If the driver camiot sef towards th* rear as well as all around 
the machine, people may be injured, particularly when it is turned 
on its table, or when it moves backwards. A pair of reflecting 
mirrors, similar to those used on motor-cars, help to eliminate this 
difficulty, if the mirrors are of sufficient size to afford an ample view. 
It is still better if the driver, when standing in his usual place and 
turning his head, can set* behind the navvy, though this cannot 
always be arranged* 

Unless the makers or other equally skilled specialists in navvy 
construction, are employed, no important parts of the steam navvy 
— particularly the boom — should is* changed. Thus, the lengthen- 
ing of the boom immediately reduces the capacity of the navvy 
to handle safely the normal loads at a given elevation, whilst an 
increase of the* steam pressure, to permit the lifting of heavier 
loads at greater boom elevations, introduces strains which may 
result in a sudden collapse. The failure of many crane drivers 
to realise the tremendous reduction yi the safe capacity of a crane 
which follows any change in the elevation has resulted in the 
collapse of many cranes, and corresponding alterations to a steam 
navvy may have a similar result. 

A stealn navvy may also he overthrown by making it travel 
at too high a sj>eed along its track, rotating it on its turntable 
at a high speed, with the load swung to the full length of the boom, 
or by suddenly dropping the bucket from a considerable height, 
followed by a slight turning of the machine. 

Several devices have been attached to cranes and steam navvies 
to indicate when they are at the point of overturning and to give 
audible warning beforehand. The best devices of this kind are 
placed in the cabin close to, or in full sight of, the driver ; they 
are frequently supplemented by an indicator placed on the boom, 
which shows by means of a pointer the maximum weight which 
can safely be picked up for any given boom elevation. This 
indicator may also show the safe overload clearance of the boom. 

When the navvy is derailed no leverage action should ever be 
created by attaching the boom in an almost horizontal position 
to a track overhead, and then applying power to iff t the navvy 
so that it may be swung again on to the rails. Such treatment 
introduces the severest strains to which the; navvy could be subjected, 
and in addition to damage to the essential parts of the body, the 
housing of the hoisting mechanism and the anchorages of the turn- 
table may be torn apart in this procedure. 

Steam navvies, like other machines, require occasional repair 
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and continual maintenance, so that adequate platforms, steps, 
or ladders should be provided, from which oiling, adjustments, 
or repairs may be safely performed so as to prevent the repair 
men from being exposed to unnecessary risks of falling. 

Most steam navvies are now fitted with an over-hoist or over- 
travel stop that automatically arrests the upward travel of Jhe 
boom and the bucket, if the operator fails to stop the machine 
at the proper time. Some* drivers supply the power and calmly 
wait for the load to come in contact with the over-travel release, 
thus stopping the machine automatically. The danger of such 
an operation is evident, and it should be a matter of strict discipline 
to see that it is not made a regular practice. 

Every steam navvy requires to be lubricated in order to prevent 
wear from friction and destruction from rust. The lubrication 
of the cables is sometimes accomplished by a man standing on the 
trolley, who applies the grease as the cable is wound up. Sometimes 
the cable is all wound up and the top half of the drum properly 
greased. The bottom half is then greased after the drum has made 
half a revolution to bring the ungreased cable into an upward 
position. Another greasing device, attached to the top of the 
hoisting block, consists of a brush or collar made of soft wicking, 
which surrounds the cable and is connected with the tank in such 
a way that the rope in passing through the collar or brush becomes 
properly lubricated throughout its entire length. 

A steam navvy requires a small gang of men, and when worked 
properly and well supplied with wagons it can load a great mass 
of material in a day. Efficient service depends on strong mechanical 
construction, adequate care and management by a skilled worker. 
Inefficiency usually results from inadequate supply of wagons for 
the removal of the loaded material rather than from improper 
handling of the steam navvy itself. 

While the first cost of a steam navvy is high, with proper care 
the cost of maintenance is not excessive, and where the surface 
is fairly uniform and level a steam navvy is probably the best 
device for removing any sufficiently large quantity of material. 
In fact, four or five men with a steam navvy can load as much 
sandstone as forty-five men by hand methods. 

For excavating rocky material, a large and powerful navvy 
is needed, the “ railroad ” type being preferable, but for softer 
material and for smaller outputs, a revolving steam navvy is often 
more advantageous, especially if it is mounted on wheels or 
“ caterpillars,” so as to travel forward under its own power. As 
the smaller steam navvies are not as strong as the larger ones, 
care should be taken to select a machine of ample strength for its 
intended purpose. Thus, it may be more profitable to purchase 
a machine of much greater strength than is needed for the stripping, 
if it cag be used later for loading the sand or stone. 

Although usually known as “ steam ” navvies, these machines 
may be driven electrically, and in many quarries the latter is 
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preferable as if saves the cost of hauling the coal to the quarry 
face. 

The saving effected bv using a steam navvy as compared with 
hand labour depends on the proportion of the working day during 
which the machine is actually digging, and this, in turn, 'depends 
on t there being a sufficient number of wagons or cars ready to receive 
the* excavated material. The wagons or cars may often be run 
along the top of tlib bank* of a shallow cut and kept moving in a 
continuous line, except for the delay caused by turning and then 
backing them up to the navvy, when this is necessary. 

Among the more important precautions in working steam 
navvies are the following : The boiler must l>e projjerly cared 
for and not fired too rapidly when it- is full of cold water. It is 
important to clean the Hues once a week or the boiler will not 
steam properly, anj to blow off sufficient water once a day* when 
the boiler is at about 00 lb. pressure. The boiler should be 
thoroughly cleaned once a fortnight. The cylinder cocks on the 
engine must be opened before starting, after standing for some 
time ; failure to do this may result in g. loose piston or the knocking 
out of the cylinder head. When the engine is warm, the cocks are 
closed. It is desirable to open all the drain cocks and to drain the 
lubricator before leaving the engine for the night, otherwise in cold 
weather the water in the engine may be frozen solid by morning. 

To prevent accidents due to explosives being prematurely 
fired by sparks from a steam navvy, the following additional 
precautions should be taken : Before loading is begun, the steam 
navvy and locomotive should be withdrawn from the face of the 
quarry to*such a distance that no sparks froili them could, under 
any circumstances, be carried to the explosive in the holes, or on 
the ground above or around. If then* is any danger from sparks 
or cinders, a canopy should be provided which will protect the 
explosive from flying sparks. A covered hopper may bo used 
for black blasting powder. 

Where an unexploded charge is uncovered by the steam navvy, 
operations should cease until the explosive has been recovered 
and removed to a safe distance. 

Grabs (Fig. 31) are also very useful for working loose deposits, 
as they serve not only as excavators but also as loaders. A grab 
consists of a special device consisting of a container, the bottom 
of which is formed of two jaws meeting at the centre. The grab 
is hung from the rope or chain of a crane. The jaws are opened 
and the grab is lowered rapidly on to the sand or stones to be lifted. 
By its impact the grab penetrates into the material, and when 
withdrawn its jaws close and the grab carries with it a load (up 
to about 15 cwt.) of material. A pull on a rope reopens the jaws 
and the grab discharges its contents. 

Grabs are not very suitable for loose dry sand, as so iiyich of 
it leaks out before the grab discharges its load. They are excellent 
for gravel, small stones, sand, and clay. 
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A serious objection to grabs is that they will not remove the 
whole of the broken sandstone from a floor and leave the latter 
clean, but they are excellent for removing large quantities of loose 
material if it is not too fine in character, the last portions being 
loaded by hand. 

The cranes used for grabs must be movable, so that they pan 
be transported from place to place, and are preferably self-propelling. 

It itf a great convenience if a 
locomotive or travelling crane is 
fitted with a revolving mechan- 
ism, so that the crane may be 
turned in every direction. 

Electric cranes are in every 
way satisfactory when the cost 
of electric ^current is not too 
high ; they work rapidly, and yet 
are very economical in regard 
to power, but they cost more in 
the first instance and also for 
upkeep and repair. The motors 
on an electric crane must be of 
the best quality and of robust 
construction ; a continuous cur- 
rent series - wound motor is 
better than a shunt-wound one 
or one with an alternating cur- 
rent, though the latter are 
regarded with satisfaction in 
some quarries. 

The stability of the crane 
in use is a matter of greatest 
importance, as more serious 
crane accidents are due to the 
t crane being used outside its 
! j range of stability than to any 

other cause. The necessary 
stability is obtained in station- 
Fkj. 31 .— Urah discharging santl. ary cranes by weighted fixed 

sleepers, to which the masts 
and guys arc* attached, and, in some cases, by a counterpoise so 
placed as to prevent the crane falling over in the direction of the 
toad. In arranging the stability of such cranes, care must be 
taken to provide for sudden loads not strictly central to the 
crane, whereby the greater part of the load is thrown on to one 
“ leg ” or guy, or the stress is applied chiefly to one sleeper 
instead of equally to all. A common, and usually safe, practice 
is to pse on each sleeper a ballast-weight equal to at least twice 
the load to be lifted. 

In locomotive and revolving cranes, the engine and boiler are 
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usually placed as a counterpoise, and in selecting a crane of either 
of these types, care should be taken to see that the balance is properly 
maintained at all reasonable positions of the crane and maximum 
load. Wedges and rail clamps are frequently used for locomotive 
cranes, and are quite satisfactory within their legitimate limits, 
but^hould not be relied upon for exceptionally heavy service. 

Ih revolving a locomotive crane, there is always a tendency 
to cause it to fall o^er by Applying it to a load which is beyond 
its normal radius, or on one side of the jib, or by swinging the crane 
round in such a position as to place the load outside the normal 
radius, namely the horizontal distance from the centre of gravity 
of the suspended load to the axis of rotation of the crane ; as, for 
example, the horizontal distance between the centres of the hoisting 
hook and the centre pin of the crane. Another common cause of 
mishaps is due to keeping the jib at a sjieeified radius, but dragging 
the grab from a point beyond this radius. The capacities of the 
crane given on the identification plate apply only when the load 
is directly underneath the hoisting block. Moreover, they are the 
maxima allowable, and care must be taken not to overstrain the 
crane by exceeding them. 

Many of the motions of hoisting, turning, travelling, and varying 
the radius may be effected together, and thereby much time may 
be saved. The following matters should be considered in working 
locomotive cranes with grabs : # 

(а) Whether the load to be lifted is too great. 

(б) The possibility of the grab being caught between stones 

find so held by them. • 

(c) The radius at which the load is operated ; the hoisting 

line should be vertical when lifting a load. This fact 
explains the importance and advantage of a derrick 
crane in which the jib can Ih* raised or lowered so as 
to vary the radius to suit the positions of the load. 

(d) The proper distribution of the ballast or counterpoise. 

(e) The wedges or clamps must be properly placed. 

{f) The turning must be as rapid as possible so as not to waste 
time, yet must not be excessive, or an accident may 
ensue. 

(g) Checking the load very suddenly by the brake is always 

dangerous. <■ 

(h) The condition of the track— whether level, with a high 

elevation on one Hide, or curved— must be considered, 
as it has a great effect on the movement of the crane 
and on the loads which it is safe to move. 

(t) Whether the load is to be lifted with the main hoist-block 
or with a single line. This involves a careful con- 
sideration of the load and the radius throughout the 
whole movement. 

The foregoing remarks must not be taken as indicating that 

VOL. I V 
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the crane and grab form a delicate and risky machine, for that is 
not the case ; at the same time, much of the difference between 
efficient and inefficient working is usually due to a number of 
simple, yet often neglected factors, such as those mentioned. 

Carelessness in fixing and working cranes has been the prime 
cause of many accidents, and, for this reason, care should be tyken 
to employ only skilled crane drivers and to give them every fffleility 
for doing their work properly. f *’ 

Cranes are provided with either chains or wire ropes. Corrosion 
is not so serious with a chain as with a rope, and the durability 
is much greater, but, as chains are both costly and heavy, wire 
ropes are extensively used, and if well cared for are quite satisfactory. 
In estimating the strength of a chain, it must be remembered that 
this depends chiefly on the thickness of the metal and not on the 
size of the link. * 

Whilst crane manufacturers can usually be relied upon to provide 
suitable pulleys, it sometimes happdhs that when a crane is purchased 
second-hand, or a broken pulley is replaced by a new one, the pulley 
or winding drum is of too tynall a diameter, and so puts too severe 
a strain on the rope. This may appear a matter of small importance, 
but lack of attention to it has been the cause of several accidents. 

In addition to suspending a grab from a cram*, it may be 
suspended from a cable and operated by a single winding drum. 
The grab digs into the material, picks up a load, is hoisted and then 
conveyed along the cableway track, its load drops automatically, 
and the grab then returns to the starting-point for the next load, 
always under the control of the hoisting engineer. 

Ladder excavates (Fig. 32) are not used to any great extent 
in this country, but they are very useful and may profitably be 
applied in cast's where there is a demand for an exceptionally large 
output —at least 30(H) tons per week. As previously mentioned, 
they consist of an endless belt to which is attached a series of 
buckets, each provided with a digging or cutting edge. The 
buckets are placed at a suitable angle to the surface of the material 
to be excavated, and, as the belt rotates, each bucket digs into the 
material, is filled, carried forward, and eventually discharged into 
suitable wagons. If the belt is of sufficient length and the excavated 
material is overburden or “ spoil,” it may be carried sufficiently 
far to be tipped at the back of the workings, where it will do no 
harm, and the expense of wagons may then be saved. Ladder 
excavators can be worked satisfactorily on an almost horizontal 
surface. The driving and supporting machinery may be either 
above or Ixflow the material to be excavated, the former position 
being usually preferred. * 

Hydraulickliig. — Where the conditions permit, the sand may 
be removed by the use of a powerful jet of water, as in removing 
overburden (p. 278). 

The water, under a head of 100-600 ft. or more, is supplied 
through a pipe with a nozzle (Fig. 33) 2-10 in. diameter, according 
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to the amount of water required. The amount of water delivered 
per minute may be calculated from the following formula, due 
to J. J. Gerrard : 

Water delivered in eu. i£. per min. 

whore d is the diameter of the nozzle in inches and P is the pressure 
in IBs. j)er sq in. IMs also^the effective head in feet x 0*4326. 



* mJ -,*i 



/•’. L. Sinirith <£• U/l . . l/mdov. 
Fin. 32. — La<M«*r excavator. 



Fin. 33. — 
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Table LX I. shows the amount of material removed in twenty- 
four hours by hydraulicking, using nozzles of varying sizes. 

Table L XI. — Material remoyed by Hydraulicking (per day) 


Effective Ileud In feet. 

Size of J'lozzle. 
Incites. 

Flow In cu. ft. 
per Min. 

Approximate Output 
in 24 Hours in yds. 

100 

• 

• * 

104-88 

160 

200 

2 

148-32 

230 

300 


181-61 

280 

400 


209-82 

320 

100 


420-06 

650 

200 

4 

594-00 

930 

300 


727-5(1 

1 130 

400 


840-1 2* 

1300 

100 


• 944-58 

1460 

200 

(i 

1335-72 

2000 

300 


1634-08 

2540 

400 

« 

1889-16 

2920 

100 


1679-82 

2600 

200 

8 

2375-46 

3600 

300 


2909-58 

4500 , 

400 


3239-70 

5300 

100 

• 

2624 

4080 

200 

10 

’ 3711 

5760 

300 


4545 

7050 

400 

i 

1 5248 

8140 


Hydraulicking is employed in some sand-pits in America ; it 
is also largely used for placer-mining in connection with metalliferous 
sands. Thus, gold-bearing sand deposits are frequently worked 
by hydraulicking, the material being washed on to a grating or 
grizzly which separates the larger stones ; the sand then being 
conducted through channels to the separating tables, where any 
gold present is recovered. Tin-bearing gravels, diamond gravels, 
and other placer deposits are also worked by hydraulicking in the 
same manner. 

Dredging. — In some cases the sand-bed lies below water-level 
and it is nedessary to dredge in order to recover the sand. The 
best conditions for drodging are (a) soft even bedrock, (6) absence 
of boulders, (c) absence of any great amount of clay, (d) a depth 
of water at Ibast 50 miner's inches, 1 {e) absence of floods. 

The most suitable method for dredging such a material depends 
largely on its situation, one of the following being usually adopted : 
( i .) the bulk of the apparatus may be on dry land and the dredging 

1 A Miner's inch is the quantity of water passing through a horizontal slit 
1 in. wide and 24 in. long with water in a reservoir standing 6 in. above the 
hole. It is equivalent to, 2 274 cu. ft. per 24 hours. 
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effected by extending a dredger- bucket or scoop and drawing it 
back again to land ; and (ii.) the apparatus may be mounted on a 
boat of some kind ; when the hold is full, the boat is brought to 
the shore and emptied. 

Where the conditions permit and tin* water is not too deep, 
sand may be dredged from the bottom of V lake by means of a drag- 
line excavator of the gauernyin or similar type (p. 282), the supports 
being erected on the opposite shores of *the lake and the material 
drawn up and dumped into bins on the works. Where this is not 
« possible a flat-bottomed dredge boat is employed ; this is fitted 



Emm* d- Souk, Ltd., WolvrrhaM/tton. 

Fig. 34 — Plunger pump. 

with a bucket-dredger or other means for drawing up the sand 
from the bottom of the lake. 

Bucket-dredgers mounted on boats or rafts are employed for 
recovering sand from below water-level to a depth not exceeding 
about 40 ft. The buckets vary in number and size, pome of the 
largest having a capacity of 16 cu. ft. The cost of working such 
a bucket-dredger varies with the conditions, but is generally 
between Id. and 8Jd. per cu. yd. 

Table LXII. stows the capacity of bucket-dredges of various 
sizes. 9 

Another very useful and convenient appliance is a sand-pump 
of the plunger (Fig. 34) or the centrifugal (Fig. 35) type. The 
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Table LX 1 1.--- Output of Bucket-dredges 


Size of Bucket*, 
cu, ft. 

Horse-power. 

.Maximum Diluting 
Depth below Water 
* Line, in ft. 

Output in eu. yds. 
per Month. 

3 

ISO ' 

36 

48,000- 60,000 

5 

220 

36 

90,000-110,000 

7 

300 

JT. p j ' 

1 10,000-150,000 

H 

500* 

48 

150,000-185,000 

13 

415 

40 

250,000-280,000 


* This includes 100 h.j). for piiiiip for two monitors. 


suction pipe has attached to it a cutting or scarifying edge, which 
breaks up the material and enables it to be more easily drawn in 
by the pump. The material is conveyed frflm the pump to the 
shore in a segmental pipe line whict is usually hung from pontoons, 
placed at intervals between the boat and the shore. The dredging 
boat may be controlled by ropes on shore. At the shore end of 
the pipe line the mixture of sand and water is discharged on to 
a large pile, the water running off and leaving the sand fairly dry. 



layer mil- Rand Co., Ltd.. Londnn. 

Fkj. 35. — Centrifugal pump. 

The sand can then be lifted by means of a grab or other loading 
device into trucks or bins. In America, the sides of one small lake 
which consist of sand and gravel are dislodged by a powerful stream 
of water in the same manner as for hydraulicking overburden, 
and the material washed down is sucked up by means of a powerful 
centrifugal pump. 

Some of the Belgian silica sand is obtained by dredging, as are 
many of the sands in the United States. 


QUARRYING SAND-ROCKS 

The various methods used for removing the stone and delivering 
it either to the works or to trucks, etc., may be classified under 
two main heads : Quarrying and Mining. In the former the 
overburden is removed by one of the methods previously described, 
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and the material is thus made accessible in an open working ; whilst 
in mining the overburden remains in situ and the material is cut 
from beneath it, the only portions of the overburden to be removed 
being that which is necessary to secure a good “ roof ” to the 
mining galleries. 

In most cases, sand-rocks are only mined when they occur in 
conjunction with some other, possibly more profitable, material. 
Thus, ganister is milled, as ft occurs in conjunction with coal seams 
which are worked at the same time, and the two kinds of material 
are removed by means of the same shaft. It seldom pays to o|xm 
mines specially for the extraction of sand-rocks, as the cost of 
making the shaft is usually prohibitive. 

In order to remove the sandstone from an ojxm quarry, the 
first step, after the removal of the overburden, consists in loosening 
the sand-forming inai ‘rial, so that it may be removed to the wagons, 
etc., used to convey it to its destination. 

Loosening the Material. The portions of tin* rock required 
for use must be loosened and separated from the main mass before 
they can be subjected to further treatment. For this purpose, 
picks, wedges, crowbars, and hammers may be used in some 
localities, but unless the rock is very “ shattered,” or only small 
quantities art* required, it is better to loosen it by means of 
explosives. 

Blasting. Boreholes are drilled in the rock at suitable distances 
from its face and from each other and a charge of explosive is 
placed in each hole. On exploding the charge, the surrounding 
mass of rock is shattered ami loosened, so that the greater part 
of it can be placed in wagons or on wheel barrdws and taken away. 
The largest blocks may lx? broken with a hammer or with a small 
charge of explosive. 

It is important that the material should be removed in a wisely 
systematic manner so as to keep the quarry and working face 
in a state convenient for working, otherwise the future development 
of the quarry may be seriously hampered or even stopped. 

Although many ndes have been proposed in order to increase 
the efficiency of the blasting operations, it is still a fact that better 
results will be obtained by an exfXTieneed, intelligent quarryman 
working without any conscious adherence to rules than those 
which follow from the efforts of some less experienced men who 
appear to follow rules closely. In deciding the best position for 
the charges of explosive, as well as the amount of each charge, 
judgment is more important than any rules, though the latter are 
valuable as rough guides to general practice and ought not to be 
disregarded without reason. The wise quarryman in charge of 
blasting operations will, in fact, regard rules as the summary of 
other men’s experience, rather than as inflexible commands. In 
short, the precise method of working should depend on local condi- 
tions, and as these differ in each quarry only a general idea can be 
given here. 
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* The position of the boreholes should* be selected in accordance 
with the natural joints or divisional planes of the stone, as in most 
cases these will determine the limit *of the effect of the explosive 
by providing a vent through which the explosive force will escape. 
For this reason, it is obviously wise to drill across the horizontal 
or inclined joints or pianos of fracture and not along them. ,, As 
the greatest effect will be obtained if the explosive meets with an 
equal resistance in every (Jirection, this positfon should be chosen 
where such an effect is desired. Hence, the depth of the borehole 
should usually be equal to its horizontal distance from the face, 
though much will depend on the structure of the stone, the number, 
size, and position of the joints in the interior of the rock, and the 
tendency of the stone to break along particular lines of weakness. 
When very large quantities of rock are to be shattered at once by 
means of a single, heavy charge, it is particularly necessary to 
find a part of the rock of great uniformity, as if this is not done 
there will be a serious waste of explosives owing to much of its 
force being dissipated along joints, fissures, and cleavage planes. 

It is often advantageous.to prepare a number of boreholes and 
to explode them all at the same time, as the effect is thereby 
increased if the holes are not too far apart. It is often difficult 
to decide whether a single large charge — constituting a “ chamber 
charge ” or “ mine ” — is preferable to a series of boreholes fired 
simultaneously. 

The size of the boreholes depends on the explosives used ; with 
gunpowder, holes 1 in. or 1 j in. diameter are usual, but for dynamite 
smaller holes may be used. Very narrow holes are not advisable, 
however, as they arfc difficult to charge pro}>erly. Boreholes more 
than 3 ft. deep are usually 2 in. or more in diameter for the upper 
part and 1 in. diameter for the last 3 ft. The holes should be truly 
circular and cleanly bored. Before use their exact size and depth 
should be tested by inserting a suitable testing-rod. 

The depth of the borehole should not extend to a. horizontal 
joint or plane of fracture. Where there are two free faces to the 
rock to be blasted, a horizontal line from the borehole to the nearest 
face should be about two-thirds of the depth of the borehole ; 
in some (unusual) circumstances very deep boreholes relatively 
near the face would be justifiable. 

The toughness of the rock is also an important factor, as a tough 
rock with few seams or bed planes tends to break into large cubical 
pieces requiring excessive secondary blasting. The best method 
of dealing with such rock can usually be determined only by* 
experience, though much may be done by varying the diameter 
and spacing of Hie drill holes, or the amount and nature of the 
explosive. 

An examination of any quarry where an excessive amount of 
secondary blasting of the large loosened blocks is required will 
show that it is largely dependent on the skill employed in the 
primary blasting. For instance, an improper arrangement of the 
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drill holes, imperfect balancing of charges, or the use of too powerful 
or too weak an explosive may result in a very inefficient blast and, 
as a consequence, the loading ftiay be greatly hampered, particularly 
where many large charges are fired simultaneously in deep churn- 
drill holes, the mass of rock thrown down occupying the filler* 
for t several weeks or even months, if the rock is imperfectly 
shattered or improperly thrown down, excessive secondary blasting 
may be required and the filling of the .wagons may be both slovi 
and difficult. On this account it is a false economy, both of money 
and labour, to place inexperienced men in charge of the blasting. 

Drilling the boreholes is a matter requiring considerable skili 
and care, as a faulty hole may cause a serious accident. The 
boreholes may be made in several different ways : (i.) by hand 
(ii.) by augers or screw drills turned by hand power, with or withouf 
a mechanical feeding appliance, (iii.) by rotary power-drills, (iv.)by 
percussion power-drills, and (v.) weil-drills. The height of tht 
face, the depth and diameter of the holes, the hardness of the roek 
cleavage and wetness of strata, the necessity or advantage o: 
speed, and other conditions, vary so jnuch that there is no singk 
system of drilling which can be used exclusively to the best advantage 
in all cases. 

When the amount of drilling is sufficiently large, the cheapest 
method is by means of a pneumatic hammer, a wave -transmission 
device, or other power-driven appliance ; but where power is not 
available the much slower hand -drills aic used. The old hand- 
drill or jumper will always be of service where it is difficult to 
supply air or steam, especially for small holes and to depths not 
exceeding 15 ft. The tools required for this wftrk are a 6-lb. sledge- 
hammer and three drills or spuds, varying in length from 3 to 4 ft. 
for the shortest, up to 10-12 ft. for the longest. It is necessary 
to have these lengths to suit the convenience of the men as the 
hole deepens. The drills are of tool steel £-1} in. in diameter; 
the lower end is sometimes drawn out to a fan-shaped bit or cutting 
point. A bucket of water, a dipper, a brush or “ swab,” and a 
scraper for cleaning the drill are also needed. The drillers usually 
provide their own swabs by cutting a young sapling (preferably 
of hickory) an inch or so in diameter ami about 10 ft. long ; prior 

* to using it one end of this stick is beaten with the sledge-hammer 

so as to fray it for a length of 6-8 in. and to convert it into a rough 
brush. # 

In drilling a vertical hole by hand, one man uses the sledge- 

* hammer, another holds the shortest drill at the point selected 
for boring. The man with the sledge-hammer (called the striker) 
strikes the drill with quick sharp blows, and the driller raises the 
drill a short distance between each blow of the sledge and, during 
the same inter^l, twists the drill through an angle of 30-40 degrees. 
Each twelve blows, therefore, cut the bottom of the hole over 
its entire area, creating numerous small chips of loosened rock. 
This procedure is continued until several inches of rock have been 
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drilled. A little water is now poured down the hole and the brush 
end of the swab inserted, and after moving it up and down several 
times, it is withdrawn laden with the hewly made mud. The swab 
is then given a sharp blow or rap over a bloek of wood or a stone, 
thus freeing it from the accumulations. A little more water is 
then added and the work proceeds until a hole of the desired depth 
is reached, usually not exceeding 10 or 12 ft. The hole is then 
dried and cleaned out as carefully as {feasible* by pouring down a 
handful of dry dust and withdrawing it in a spoon or scraper, 
this “ dusting ” being repeated as often as necessary. In wet 
rocks, or those permeated by water-bearing seams, this “ drying- 
out ” is very difficult ; it may be avoided by using a cartridge 
of oiled or soaped paper, which will slip down the hole quickly 
and permit a shot to be fired before the water soaks through the 
paper. r 

Drilling by hand, using a l] t -in. drill in fairly hard stone, costs 
17d.-23d. per foot. Three men will not usually drill more than 
15 ft. per day with a l.} -in. drill. 

An anger or screw drill («Fig. 30) is limited to rocks of about 
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Fie. 36. — Auger drills. 


the hardness of coaf and is not really applicable to hard rocks. 
The simplest form of this drill is fitted with a double brace or 
handle devised for rotating the auger, the man using both his 
hands to maintain the motion, and his chest to supply the pressure 
of the drill against the rock. This simple form is only applicable 
to very soft materials ; for harder rocks, a frame is fixed between 
the floor of the quarry or mine and some point above, in the face 
of the rocks or in the roof of the mine, and is braced in position 
by screws and guys. The auger is mounted on the end of a long 
screw or threaded steel bar, which is passed through a nut or female 
screw fastened in the frame. By turning the screw, it feeds itself 
• forward at the rate of about J in. per revolution. The turning 
is effected by a crank or handle on the end of the screw or by the 
intervention of gears with two or three different rates of motion, 
if the rock to bo drilled is fairly hard ; the power is supplied by 
the driller hirhself. A man will drill a 3-ft. hole 1 J-2 in. diameter in 
ordinary rock in twenty to thirty minutes, and often much quicker. 

Auger or screw drills are of good service in mines where the 
roof or floor offers facilities for fixing them in position. They will 
bore hples at almost any angle, but most easily when horizontal. 
They are used, but not so handily, along the floor of a bank in an 
inclined position, and for making horizontal holes or holes inclined 
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downwards. Tftey art* seldom satisfactory for boring vertical holes 
in open workings. 

Rotary jmver-d rills and percussion power - drills are only used 
in the larger works, though a rotating drill driven by compressed 
air will bore small holes faster than any other drill. Part of the 
exhaust from these little machines can be turned down through 
the hollow drill to blow the cuttings from the holes. Ordinarily, 
lj-in. holes, not more than # () ft. in depth, art* the largest which can 
be made by the smaller-sized hammer-rotating drills. For the 
best results these* drills require about f>() cu. ft. of free air per 
minute, under a pressure of SO- 
UK) lb. per square inch. Rotating » 

hammer drills are especially valu \ ‘ k 

able when* there arc so many large f 


pieces to be broken* 

Percussion drills include those, ^ . Jfc 

operated by counterpoise weights, i Jt 

electricity, or other simple source — 

of power, pneumatic hammers and " ' w "" 

drills operated by compressed air, 

and the drills operated by com- fll ^ 

pressed liquids (wave - transmis- ^ Mi 

Steam (Fig. 37) or air tripod T| Xr 

drills are suitable for vertical, ■ fl 

horizontal, or inclined boreholes J Jj 

up to 4 in. diameter. f>epths T v : 

greater than 20 ft. can be reached, '. 

but the long rods required for ' - ; 

deeper holes are difficult to handle, s 
Under good conditions one of these* ^ 
drills will bore a vertical hole <>0- " kt ' 

i i Imjemoll-Htnitf ( a., Ma., bunion 

90 ft. deep, or a horizontal hole 

20-50 ft. in length per day. For Fju. 37 .—' Tripod drill, 

drilling fairly hard rocks, a chisel 

or drill with a fairly acute angle should lx* used, but if the* stone is 
soft, a drill of wide angle should be used, as an acute drill will be 
jammed in soft rock because the drill }>enetratos faster than the 


loose material can be cleared away. # 

For rough ground which will not permit the use of a well drill 
or ledge-blasting a tripod drill may be found very satisfactory. 
Tripod drills require two men each, a runner and a heljier, though 
in some circumstances one helper is deemed sufficient Tor two drills. 

Pneumatic hammer drills (Fig. 38) are very useful portable 
machines. They consist of a evlindc r fitted with a plunger having 
a stroke of about J in. Attached to the plunger is a slide valve, 
so arranged that when the plunger is at one end of the cylinder 
compressed air enters behind it and drives it forward to the other 
end, at the same time closing one valve and opening another which 
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reverses the motion. At each forward motion the plunger strikes 
the drill head and drives it into the rock. Such drills are capable 
of 800-1000 blows per minute and Will drill very rapidly. Many 
different patterns have been patented, but they all work on the 
same general principle. They can be operated by one man and 
so require less labour than tripod drills. *> 

The power used in working percussion drills is usually steam 
or compressed air, but water (wave -*transmission) offers great 
possibilities. 

Air compressors (Fig. 39) are of three chief types : (a) the 
horizontal slow-spced, (6) the vertical quick-revolution, and (c) the 



Fra. 38.— Hammer drill. 


turbo-compressor. The durability of type (a) and the ease with 
which it can be repaired and adjusted makes it popular, but it 
requires large foundations and buildings. The vertical quick- 
revolution type has the advantage over the horizontal type as 
regards the space occupied, but the general inaccessibility of its 
parts and the heavy cost of upkeep are against its wide adoption. 
The turbo-compressor is chiefly used for very large plants. The 
efficiency of *the turbo-compressors has been greatly improved, 
but even yet it is questionable whether they are as efficient as 
reciprocating compressors. Moreover, in actual practice, com- 
pressors are often run much below their full load, and the efficiency 
of the l^ciprocator under these conditions is much higher than that 
of the turbo-compressor. 

Full details of the construction of each type of compressor 
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need not be gi^en here, as they can be readily obtained from the 
manufacturers. In selecting a compressor the following factors 
should be considered : • 

(i.) The primary power used, for driving it must l>e reliable 
and efficient. 

*(ii.) The suction stroke of the (Compressor should, throughout 
its Ibngth, fill with air at atmospheric pressure*. 

(iii.) On the confpresskfn stroke there should be no loss of air 
as a result of the inlet valves closing too late, nor should there 
be any leakage back ; the whole contents of the cylinder, less 
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Fiu. 39. Air com pressor. 

the minimum clearance, should bo discharged through the outlet 
valves. 

(iv.) The outlet or discharge should have an opening of ample 
area ; it should open automatically on the requisite pressure in 
the receiver being reached in the compression -cylinder, and the air 
should be discharged at a pressure as little above that in the, receiver 
as possible, as an excess of pressure causes a rise in temperature 
with an increase in the volume, requiring a corresponding increase 
in the work necessary to compress and discharge the air. 

(v.) The discharge valves should have sufficient width of seating 
to ensure their keeping quite tight, so that no loss may take place 
by a leakage back into the cylinder. 

(vi.) The valves should be self-adjusting at all speeds and 
pressures. 

(vii.) All valves and the piston should be easily accessible for 
examination and renewal. 

(viii.) The compressor should have full volumetric efficiency. 
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(ix.) Wear and tear should be reduced to a minimum. 

(x.) An efficient unloader must be fitted. 

(xi.) A good fly-wheel and an efficient governor are essential. 

(xii.) fn two-stage compression the efficiency depends upon 
the intercooler, which should keep the high stage intake air at the 
same temperature as the# lower stage intake air, and air-cooled 
to within 20° F. of the temperature of the entering eold water. 
The supply of water for t»he intercooler should be 2£ gallons per 
minute per 100 eu. ft. of free air ; more water is an advantage if 
it is available. 

(xiii.) The receiver should be placed within 40 it. or 50 ft. 
of the compressors, its use being (1) to eliminate pulsation effect, 
(2) to minimise the frictional loss attending the flow' of the air 

in the lines, (3) to serve 
as a reservoir, and (4) to 
cool the air and cause it to 
deposit its moisture. 

(xiv.) The receiver must 
be of ample size (one or more 
auxiliary receivers near to 
the face often effect a sav- 
ing). By adopting a receiver 
of large capacity the com- 
pressors can run at a con- 
tinuous speed — the pressure 
being retained for a longer 
period with greater power, 
and the periods of mini- 
mum demand are utilised 
by the compressors in fill- 
ing up the receiver and 
increasing the efficiency of 
the plant. 

Compressed liquids are chiefly used for the wave- transmission 
method invented by C. Constantinesco, and used in the machines 
supplied by W. H. Dorman & Co., Ltd., of Stafford (Fig. 40). 
Wave-transmission may be briefly described as a mode of conveying 
power by a series of impulses, imparted to a column or pipe line 
of fluid, usually w r ater, by a very simple generator coupled to a 
steam engine^ or other prime mover. These impulses or waves 
travel at the same speed as sound and they can follow each other 
at any desired interval. The great advantage of wave-transmission 
as compared* with compressed air is its economy of power, which 
in the end, of course, moans a saving of cost. In working a rock 
drill, for example, wave-transmission delivers eight times as much 
power at the rock face as compressed air, with the same input 
of power. The difference represents, roughly speaking, a saving 
of 70 per cent in power. 

There appears to be an enormous future for wave- transmission. 
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which will courtt as one of the big engineering advancements of 
the early twentieth century. 

Explosives. — The explosion's used in blasting sandstone, etc., 
are of various kinds, and considerable care and skill are needed 
in their selection. For very soft stones and merely for loosening 
large blocks, gunpowder or other relatively slow explosive applied 
in fairly large quantities is the best ; but for hard stone which is 
to be reduced to snfall material an exj josive containing dynamite, 
or one of the modern safety explosives, is more suitable. On the 
whole, dynamic and other high explosives are preferable where 
a heavy shattering effect is required. 

The practice of drilling a hole, enlarging the base by first 
exploding in it a charge of gunpowder, and then tilling the enlarged 
hole with a more powerful explosive, is economical, as it reduces 
the number of hot. ’ required, but it is accompanied by serious 
risks, especially if the first charge has not been completely exploded. 

The amopnt of explosive lVqinred dejamds on (1) the kind of 
explosive used, (2) the depth of the borehole, (3) the line of 
least resistance. It is roughly inversely proportional to the number 
of free faces of the rock to Ik* blasted. Thus, a rock with two 
free faces will require only half the explosive needed for a rock 
with only one free face ; a rock with six free faces will require 
only one-sixth as much explosive, and so on ; another useful 
rule in calculating the amount of explosive required is to divide 
the cube of the depth or the borehole* by 25 ; the quotient is equal 
to the number of pounds of gunpowder to lx* used in each charge. 
Thus, if the borehole is 3 ft. deep, the cube is 27, and this divided 
by 25 gives 1()S, so that rather more than* I lb. of gunpowder 
should be used. For very large blasts, the maximum amount 
of gunpowder to be used is about I lb. for each 3 tons of rock, but 
for some rocks as little as 2 oz. per ton of rock may suffice. In 
many instances there is a serious waste of explosives, clue partly 
to using too much in each charge and partly to wrong distribution 
of the boreholes. The object in quarrying is to rupture and loosen 
the rock, not to hurl it a great distance : hence, only enough should 
be used to accomplish what is required. Where much of the, rock 
is thrown a great distance, it is evident that too large a charge 
was used. With very hard rocks it is difficult to avoid this kind 
of waste. 

Charging the boreholes requires great care. Whfn gunpowder 
is used, the hole should first be tested as to diameter and depth ; 
it should then be wiped clean and dry with a cloth on the end of 
a rod. A little of the gunpowder is placed at the bottefm of the hole 
by means of a zinc funnel, a piece of fuse 1 with a blasting-cap 
is inserted, the remainder of the charge is then poured into the hole, 
and a paper wad pressed on top of the charge by means of a wooden 

1 Electrical detonation is safer than the use of a fuse. 8ome»auarry 
m ana gers employ both a detonator and a fuse, in the hope that, if the former 
fails, the latter will explode the charge. 
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rod. The hole is then filled gradually 'with air-dlied clay, or fine 
dried sand, which is inserted in small quantities at a time and 
rammed tight after each insertion. « The length of the fuse used 
must be sufficient for it to project a suitable distance from the hole 
to permit safe ignition and escape before the explosion occurs, 
band appears to be preferable to clay as a packing material, as 
it requires less time to fill the borehole, avoids many accidents 
consequent on misfiring, apd does not -require so much tamping* 
m fact there is usually no need to tamp much if fine dry sand 
is used. Skilled tamping greatly increases the efficiency of the 
explosive. 

Various other methods of charging are used when gunpowder 
is employed, but they are by no means free from danger. 

When a high explosive or safety explosive is used, it is supplied 
m the form of a cartridge which is placed at th<* bottom of the bore- 
hole; a detonator is then attached and the hole filled with clay 
or sand as before. Dynamite charges are placed in the same manner 
as powder, the first stick being pressed into the bottom of the 
hole, then a primer or blastiqg-cap, with the fuse attached, is placed 
as near the centre as possible. The remainder of the charge is 
added and finally tamped with clay, sand, or brick-dust. Many 
quarry men consider that placing the primer on the top or at the 
bottom of the charge gives just as good results as placing it in the 
middle When firing electrically, care should be taken to connect 
the lead Mures properly to the fuse, but never to connect the lead 
wires to the battery until everything is ready to fire. To prepare 
the primer when firing a safety fuse, »the end of the fuse should be 
cut squarely across *and placed in the cap, after first making sure 
that the fuse is perfectly dry. It is necessary, when pushing the 
fuse into the cap, to be careful that no twisting occurs. The fuse 
should just touch the fulminate or the varnish protecting it. Then 
with a pair of pliers or crimpers (and not with the teeth) the cap 
may be fastened on to the fuse. An opening is made in the dynamite 
stick with a wooden plug and the fuse is placed in this opening. 
Ihe cap should touch the dynamite on all sides, since any space 
around it causes a cushion of air and lessens the effect of the 
detonation. The fuse is then firmly tied in place. The primer 
may be waterproofed by means of soap, tallow, or wax The 
string holding the fuse in place should be of sufficient length to 
enable the prvmer to be lowered gently to the bottom of the hole. 
The charge should never be lowered by means of the fuse. 

Cartridges containing dynamite should be quite pliable. If 
hard, they may have been frozen and will require to be thawed 
before use. This should be done by placing them for several 
hours in water at a temperature not exceeding 125° F. ; boiling 
water should not be used, nor should the dynamite be piaeed near 
a fire. 1 

The storage of explosives must be in accordance with the 
Explosives Act of 1875, and subsequent orders issued under that 
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Act. Particular^ can be obtained from the Chief Inspector of 
Explosives, Home Office, London, S.W. 

The fuses used are of two hinds— -those ignited bv a flame and 
those ignited electrically. Flame ignition is much more risky and 
uncertain than the use of electricity, so that the latter should be 
employed whenever possible. , 

Ignition fuses are of different kinds. One of the best- invented 
by Wm. Bickford in 1 1831 consists of g tube of jute filled with 
gunpowder and provided with an outer casing of rubber where 
necessary. The so-called “ instantaneous fuses " consist of a series 
of wicks of compressed powder, the ends of which are fitted into 
a metal tube and connected to the slow fuse. These fuses are 
specially used for firing a number of shots simultaneously. 

Electrical fuses are of two kinds, with high and low’ tension 
respectively. In tie; high-tension fuse the detonating mixture 
is ignited by a series of electric sparks which pass between two 
copper wires in the fuse, whilst the low-tension fuses contain a 
thin platinum wire wiiich glows on the passage of the current 
and so ignites the priming. For sandstone and allied materials, 
a low-tension fuse is generally best and is much more certain in 
action ; moreover, it can easily be tested , which is not the case 
with a high-tension fuse. 

The following are the chief reasons for preferring electrical 
exploders : (1) with an electrical exploder one hundred and fifty 
charges, or any smaller number, can be* fired simultaneously ; (2) an 
electrical exploder allows the boreholes to be tamped better and 
gives the fullest confinement to the gases ; (3) there is a greater 
development of the explosive force and consequently a greater 
effect ; (4) an electrical exploder produces less smoke and fumes 
and permits the workmen to return more quickly to the working 
face ; (5) better results arc obtained with a smaller quantity of 
explosive, so that an electrical exploder costs less to use ; (fi) with 
a rheostat and galvanometer, the electrical connections can be 
tested to assure their being in order, and to avoid misfires ; (7) the 
shot firer stands at a safe distance and does not operate; the exploder 
until every one is out of the danger zone : he has complete control 
of the entire blasting ; (8) there is no need for matches, torches, 
or open flames for detonating explosives, where an electrical 
exploder is used. 

A blasting-rxip or detonator, containing mercury fulminate or 
other suitable material, must be fastened to the end of the fuse 
which enters the borehole. The purpose of this cap is to transmit 
the spark from the fuse to the explosive in such a way as to start 
the explosion. When an electrical detonator is used no fuse is 
needed, the detonator acting directly on the cap. The cap should 
be carefully crimped on to the end of the fuse, so as to ensure the 
requisite contact. Blasting-caps are dangerous and shou|fl be 
stored in a dry place where they can do no harm ; they are spoiled 
by dampness. 

VOL. i 
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Detonators should comply with the following conditions : 
(1) they should contain a sufficient charge equivalent to. at least 
1*5 grams, and preferably 1-75 grains, of pure fulminate (nitro- 
derivatives being taken as equal to double their own weight of 
fulminate) ; (2) the fulminate charge should be disposed in such 
a way as to detonate with*the highest possible velocity : this should 
be about 11, (X)0 ft. per second for fulminate and 15,000 ft. per 
second for mixed detonators ; (3) tile length of the charge of 
fulminate should not be too great in proportion to its diameter, 
otherwise defective propagation may ensue. . « 

There are four methods by which the power of a detonator 
may be tested : (a) the lead-block test, ( b ) impact test on sheet 
lead, (c) rate of detonation, and (d) practical tests on limit- 
density and humidity. Of these tests the second alone seems 
capable of being performed without the special facilities provided 
in a laboratory, but it has the disadvantage of not showing whether 
the detonation has been complete"; method (d) appears the most 
reliable, though only comparative. 

Since all cartridges are* of approximately the same diameter, 
the detonator which will most easily produce complete detonation 
is the most powerful. 

The exploder (sometimes called a detonator, though this term 
is usually applied to the primer) is a device for producing an electric 
current which, in turn, may produce a spark or heat a wire to 
redness according to the kind of fuse used. Of the various devices 
available for producing an electric current, a primary battery is 
uncertain, a magneto-machine requires periodical attention to 
keep the magneto *in order, an accumulator is good, hut requires 
frequent charging, and a dynamo machine is quite permanent 
and satisfactory in every wav. 

The capacity of an exploder is defined by the maximum number 
of detonators it can fire simultaneously, without any misses, at 
the end of a line having a given resistance. This capacity depends 
essentially on the nature of the detonator used and may vary 
within wide limits. Tt also depends on the velocity imparted to 
the mechanism by the shot-firer, but this cause of variation can be 
abolished by employing a spring that cannot be released until 
fully wound up. 

The capacities stamped on the exploders are only approximate, 
and their rChl value should be tested from time to time by con- 
necting up a certain number of detonators in series at the 
end of a line of known resistance, and finding how many can 
be fired atf the same time without any failure. If the exploder 
is of the variable velocity type, the operating member should be 
actuated at a moderate speed to allow for the personal equa- 
tion of the shot-firer. In order to establish a margin of safety, 
the resistance of the test-line should be greater than that of those 
actually used in practice (to allow for defective connections, etc.), 
and the number of the shots fired in a volley should, in prac- 
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tice, be about 25 per cent smaller than those successfully tried in 
the test. 9 

The cable connecting the exploder to the charge should contain 
two separate copper wires well tafx*d, insulated, and covered with 
plaited cotton. The cable should be kept on a roll or drum, 
and* special care should be taken to avoid the formation of kinks. 
The electrical conducting newer of the cable should be tested 
occasionally and any bare places covered* with insulating tujH*. 

Secondary blasting is a term applied to the use of explosives 
to large blocks which have previously been loosened from their 
bods but require to be still further reduced ; such blocks are 
either drilled and blasted again as described on p. 21)7. using a 
smaller charge, or they are “ mud -capped.” 

Mud-capping consists essentially in laying a high explosive on 
the block, covering* it with day and then exploding it. This 
method can only be used with, explosives having an effect which 
is greater in a downward direction than in others. The charge 
should be placed on the spot which would be struck with a sledge- 
hammer if the rock were small onouglf to be broken in that way, 
and should be placed in a solid mass bv slitting two or more paper 
cartridges and uniting the contents, taking care not to spread 
them more than necessary. A blasting cap crimped into tin* fuse 
should then be placed in the middle of the charge and tin* whole 
covered with (> in. of damp clay or sand, pressed firmly over the 
explosive, care being taken not to cover the outer end of the fuse. 
If the block is cracked or seamy, the charge should lx* placed in 
a depression and covered with a quantity of clay pr sand as described. 
Mud -capping is very wasteful of explosives, as 1 oz. of explosives 
in a 1-in. hole 12 in. deep has practically the same effect as 1 lb. 
of unconfined explosive laid under a mud-cap on the rock. On 
the other hand, drilling may cost as much as, or even more than, 
the additional explosive used in mud-capping. 

Mining Sand-rocks 

Mining is only employed for excavating sandstone, ganister, 
etc., when they occur under so great, a depth of overlying strata 
that open quarrying is impracticable. The methods used are 
precisely the same as in other branches of mining, %nd are fully 
described in mining text -books. 

Intermediate between mining by vertical shafts and open quarries 
is the use of a system of adil#, drifts, or tunnels, extending in a 
sloping direction, usually of the same inclination as the dip of the 
material. Such an arrangement saves the cost of a vertical shaft 
and yet has all the other advantages of mining. 

Adits are specially used in localities where the thin workable 
beds with a steep dip are worked from the outcrop. Where pottoible, 
the adit should be inclined downwards towards its entrance, as 
this facilitates drainage ; it is not always possible to do this, as 
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the adit must, to a considerable extent, follow the dip of the 
beds. 9 , 

The most common method of opening a mine or an outcrop 
is by horizontal entry. What is termed the “ glory hole ” method 
is employed in some mountainous regions. A tunnel is driven 
horizontally into a seam, and at the inner end of the tunnel a, large 
chamber is blasted and used for the roqk frorq, above to be removed. 
A funnel-shaped shaft is Ihen driven to the surface and the rock 
quarried round the opening in a circle of ever-increasing size, and 
the rock is gradually worked down into the chafnber. Accidents 
are common, so that this method, whilst common, and often the 
cheapest, is seldom really satisfactory. 

When working in an adit it is generally necessary to loosen the 
material by means of crowbars and wedges, explosives not usually 
being permissible. The loosened material ismen hauled through 
the tunnel or adit to the open air. ,, 

Mining is so much more costly than open quarrying that the 
latter should always be used when possible. 

The cost of quarrying 'may vary from 3d. per ton for a very 
soft material excavated and loaded with a steam navvy, to 3s. 6d. 
per ton for a hard rock. The cost of mining, on the contrary, 
is seldom less than 2s. per ton, and sometimes rises to 18s. per ton 
of material delivered into the pit wagons and drawn to the surface. 

r 

Loading Sand or Stone 

By whatever method the sand or stone may have been worked, 
it must be placed in or on suitable wagons for transportation ; 
this process is known as filling or loading. The method of filling 
depends largely on the nature of the material and the space available. 

In mines where space is limited, hand-loading is usually employed, 
but in quarries where sufficient space is available, it is possible 
to employ more rapid means for loading the trucks for conveying 
the material from place to place. The principal means which 
may be employed are grabs (p. 287), steam navvies (p. 283), ladder 
excavators (p. 290), scoops (p. 282), and bucket elevators or 
“ portable loaders ” (p. 309). * 

Bucket Loaders. — Where the material is in sufficiently small 
pieces (e.g. less than 3 in. diameter) and it is to be loaded into large 
trucks, it is often convenient to use a bucket loader or similar 
device, consisting of an endless belt on a portable framework, 
the belt being provided with buckets (Fig. 41) and driven by an 
electric or petrol motor. If the inclination is not very steep, the 
buckets may be omitted and an endless belt used. 

These loaders are so arranged that they can work at any suitable 
angle, and a spout, which can be moved radially, is fitted to the 
delivery end of the machine. Most of the earlier patterns of loaders 
required to have the materials shovelled into the buckets by hand, 
but the more modern ones are self -feeding. This great improvement 
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is effected in two ways : (i) the* machine is forced into the pile 
of material during the loading process, or (2) a pair of rotary discs 
scoop the material automatically into the buckets. 

A well-designed loader in good working order will deliver 
1 cu. yd. of sand per minute as a fair working average, and will 
travpl at the rate of about 60 ft. per minute in moving from one 
pile to another under its own power. When desired, two or more 
of these loaders can work in series or with belt conveyors. Such 
an arrangement is particularly convenient where it is necessary to 
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Fig. 41. — Winget bucket loader. 

convey the sand or stone over a pile of overburden or other material 
which it is not desired to move. 

Transport and Haulage 

Various methods are used for conveying the sand or stone 
from the pit, quarry, or mine to the crushers, screens, etc. ; several 
methods are often used simultaneously. 

The use of wheelbarrows 1 and horses and carts is so familiar 
aa to need no description. They are convenient, and for short 

1 For distances up to 30 yards a man with a wheelbarrow is usually 
cheaper than a conveyor for medium or irregular outputs. 
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distances are often economical, but in many instances could be 
profitably replaced by power-driven appliances. 

All barrows should be built so»that they are well balanced, 
the weight being thrown on the >vheel and not on the man’s hands ; 

otherwise they will be 
difficult to drive and the 
output will be diminished 
Barrows are preferably 
lined with sheet steel so 
as to increase their dura- 
bility. The top edges 
should be similarly pro- 
tected, as these come in 
for considerable wear. Bar- 
rows >vith' steel bodies and 
wooden frames are very 
light and strong, though 
more expensive than those 
made wholly of w r ood. 

Tn connection with 
wheelbarrows, a useful 
device known as the 
Ransome Tip-cart (Fig. 42) may be mentioned. This consists of 
a peculiarly shaped body holding (i cu. ft. of material, or three 
ordinary wheelbarrowfuls ; it is made of welded steel plate, the 
body being mounted on a pair of steel wheels 3 ft. (> in. in diameter. 
Owing to its peculiar shape and construction, one of these carts 
when full can be pushed by a boy without undue fatigue. 

The amount which can be hauled by a horse is greatly increased 
if the cart is replaced by one or more wagons running on rails. 

Tramways (Fig. 43), with either horses or mechanical haulage, 
are very efficient if well designed for the particular works in which 
they are used ; but many tramways are quite inefficient on account 
of their being badly designed, or the rails not being taken sufficiently 
close to the face ; this is a defect in the planning of the works 
rather than of the tramway as a method of transport. 

Tramw'ays are, in many respects, one of the most suitable means 
of transport, as they can be used in bad weather and under condi- 
tions where other appliances will fail to work. The original cost of 
construction 4s not excessive, and maintenance is small if the road 
is well cared for. If allowed to get into a bad state, tramw’ays may 
cause great losses through the excessive wear and tear on the 
wagons, as well as through waste of power if the wagons arc moved 
by rope-haulage. If the wagons are to be moved by men, it is not 
well for them to hold more than j cu. yd. of material, and, for most 
purposes, rather less than this is preferable, whilst for pony-traction 
on a fairly level track about twice this capacity will be found 
convenient . If the wagons are unnecessarily small, time will be 
wasted, but if they are too large, additional men will be required 
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to assist ; the Hitter arc not fully employed in productive work 
and thus cause waste of money. 

The rails of a tramway mfy be laid either temporarily or {>er- 
manently, according to circumstances, or a combination of both tem- 
porary and permanent rails may be used. For very short distance's 
men may push the wagons, but where the distance is more than 
30 yds. the use of either horses or some form of mechanical haulage 
is preferable. ■ • • 

Mechanical haulage along rails is of three tv|x»s : («) single- 
rope haulage, (/>) main and tail haulage, and (r) endless-ro])c or 
chain haulage. 

The use of a rope or chain for mechanical haulage* is to a large 
extent a matter of choice ; in some eases a combination of the two 
is used — part of the track being controlled by a chain, with rope 
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terminals for the better winding olT the drum. Kojkj is usually 
preferred on account of its cheapness, but for steep inclines a chain 
provides a better gripping power. Freshly discarded colliery ropes 
are usually satisfactory for haulage in sand-pits, but require frerpient 
inspection if accidents are to be avoided. 

The single-rope haulage consists, as its name suggests, of a 
single rope, one end of which is attached to a wagon, whilst the 
other is wound round the drum of a crab or winding device, so that 
the wagon is drawn along by the rope. In a similar arrangement a 
chain is used, instead of a rope. The rope or chain, which varies 
from ;J to 1} in. in diameter, may be .single and wound on and off 
the drum, according as the wagon is being drawn up to or being 
lowered away from the machine. For this arrangement the track 
(which is single) must slope sufficiently for the wagons to travel 
down it of their own accord. A single rope of this kind ^ only 
suitable for small outputs or for large wagons. It has the dis- 
advantage of making the engine run much more irregularly than 
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when “ endless haulage ” is used. A modification of the single- 
rope haulage consists of a double inclined track along which the 
loaded and empty wagons travel simultaneously in opposite direc- 
tions. This arrangement is particularly useful in gravity haulage — 
the loaded cars going down the incline draw up the empty cars 
without any power being e needed (see p. 314). It is not always 
necessary to have a double track all the way, as if the asceiiding 
and descending cars or trucks always' pass At the same point, it 
will suffice if the track is double for a short distance. 

In main and tall haulage, one end of the rope o^ chain is wound 
off one drum, whilst the other end is wound on to another drum 
beside it. This is the ordinary form of haulage for collieries and 
other works where the endless system is inconvenient. Either a 
single or a double track may be used. The drums used for ordinary 



purposes are about 3 ft. in diameter, 4 ft. 6 in. long, revolving at 
about 150 revolutions per minute. They may be driven by steam, 
gas, oil, or electricity. The cable used is generally about j-in. 
diameter, the drum carrying 800 ft. of it. The direction of move- 
ment is reversed by means of a lever and gearing, the motive power 
working continually. 

The cars or trucks usually carry about 1J cu. yds. of material 
and may be drawn up a gradient of 15 degrees at 350 ft. per min., 
a power of about 10 h.p. being then required for each car. 

This method of haulage is suitable for relatively long distances 
over variable gradients, but under other circumstances it is wasteful 
in power, as there is no counterbalancing of ascending and descend- 
ing loads, and the amount of rope required is very great ; conse- 
quently it is not used largely in open quarries. 

In endless haulage (Fig. 44) the ends of the rope or chain are 

j oined so as to make a continuous band, and the power is supplied 
>y means of a horizontal pulley at one end. The wagons are 
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attached to this endless band at approximately regular intervals, 

so that the load on the engine remains fairly constant. This and 
the automatic nature* ot the lAulage constitute the chief advantages 
of the endless system. A complete double track is desirable, but 
not essential ; sufficient of it must bo double to allow the* return 
wagons to pass the loaded ones. It is ad so wise to have some form 
of ratchet and clutch on the shaft of the driving pulley, so that in 
event of a temporary stoppage of tin* engine the loath'd cars will 
not travel backwards. The rojie or chain is kept tight by a s|>eoiul 
tightening device, for which one of the terminal pulleys can be made 
to serve. To secure the necessary grip, the rope is coiled several 
times round the winding drum. The same purpose may be* served 


v 
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Fig 45. — Y-sLaj>«*(l fork for rojw haulage*. 

by passing it round two grooved pulleys, so placed that the roj>e 
warps itself partly round each. When a chain is used, a series of 
grips are usually cast on the driving wheel. 

The wagons used for endless-chain haulage should have a Y- 
shaped fork which engages the chain (Fig. 45) and forms the simplest 
and easiest method of connection. Where this device is used, and 
the endless chain is made to rise slightly at the delivery end of the 
track, the wagon is automatically released as soon as it reaches the 
place where it is desired to stop it. This is done by taking the 
wagon to a rather greater height than is required and letting it run 
down a small incline at the last , the chain being raised well out of 
the way. Where a rope is used, a clip (Fig. 4b) must bo employed ; 
this may also be released automatically. f 

One of the best non-automatic clips on the market at the 
present time consists of a clip which surrounds the rope and which 
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is opened and closed by a quick -acting screw. If the incline is not 
too steep, a simple Y-clip engaging the links of the chain is ample 
and satisfactory. Catches to prevent runaway cars from doing 
any damage are almost essential, ..though too seldom used. 

The amount of material to be dealt with in an endless haulage 
system may be found by multiplying the number of wagons added 
per minute by the average weight of material in each wagon. ** It 
is usual for the rope or chain to travel *1 J -2 £ 'miles per hour. The 
amount of power required varies from 5 to 40 h.p. according to the 
load, the incline, and the length of the track. * 

Which of these three systems is best under given conditions will 
depend on the number of wagons to be attached to the rope at once, 
and whether a double track is possible. Where two tracks are 
possible the endless type is generally preferred, when the individual 



Longhotham Clip Co., Ltd., Doncaster. 
Fin. 46. — Rope clip. 


loads are not excessive. The direct winding rope with main and 
tail haulage is best suited for drawing the wagons over very uneven 
ground, as the engineman is then able, by watching the tightness 
of the hauling rope, to regulate his power to suit the changing levels 
of the track ; an endless rope, being run at one continuous speed, 
is not quite so suitable in such a case. Where the track is in the 
form of a fairly steep incline the use of a counterpoise will often 
effect a saving in the power required. This method is chiefly used 
for vertical lifts only, but it is equally efficient for steep slopes. 

The rope or chain may be over or under the wagons, according 
to the circumstances. Suitable rollers must be provided for the 
rope to run on, and these must be well lubricated, or they will 
rapidly wear out the rope. For turning a curve, vertical rollers 
with a large flange at the bottom, to prevent the rope falling off, 
are us^d. 

Gravity haulage is that in which the movement of the wagons is 
effected by gravity instead of mechanically applied power. Thus, 
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the loaded wagdns running down an incline may la' made to draw 
up a corresponding number of empty wagons merely by connecting 
both sets to a rope running refund a pulley at the top of the incline. 

The applications of gravity lyuilage are often very ingenious. 
Thus, by using one or more counterpoise wagons idled with water, 
a series of wagons loaded with stone, ct<*., may be raised to the top 
of an incline. The water may then be allowed to run out of the 
wagons at the bottom of the incline, whilst those at the top of the 
incline are tilled with water. This arrangement is only practicable* 
when the tilling of the wagons with water is cheaper than tin* moving 
of the load by engine power. Occasionally, the water tanks rise 
and fall vertically and transmit their motion in a more horizontal 
direction. 

In some eases where the force of gravity is not sufficient, a 
saving in engine-po; *r may be effected by making use of counter- 
poise wagons and other devices, us far as these can be made avail- 
able. Thus, in hauling material up a double, inclined track, the 
empty wagons will act as a partial counterpoise to the loaded ones, 
and will reduce the driving power accordingly. To obtain the best 
results, the number of these empty trucks should be at least equal 
to that of the filled ones, and if material of any kind, such as rubbish, 
can be carried in the opposite direction to the load, an amount 
equal to half the useful load may be so carried, with great advantage, 
provided it does not interfere, in any way, with the working of the 
rest of the plant. , 

A powerful brake is essential in gravity haulage, as, if the loaded 
cars are allowed to travel to > rapidly at first, they may break the 
rope and pause a serious accident. A simple* yet strong, form of 
band brake around the winding pulley is generally used. r lhe 
provision of some safety device, either in the form of catch-points 
or otherwise, to prevent runaway cars from doing damage, is very 
desirable. 

Wherever possible, it is desirable to make much use of gravity, 
as it is usually cheaper to lift the* material to* a single high point by 
applied power, if, from thence, it can lx* distributed by gravity to 
the points where it is required, rather than to haul it to these 
various points by directly applied power. There is indeed a 
considerable saving to be effected by making much more use of 
gravity than is commonly done. 

Chutes of various kinds are invaluable when • they can lx* 
arranged. If properly designed and constructed, they convey 
materials very rapidly and require no power or attendance. Much 
use might advantageously be made of them. 

Hopes _The ropes for haulage in quarries and mines are usually 
of wire and are $-in.-l{-in. diameter, but thicker ropes are used for 
heavy hauls. Table LXI1I., by Messrs. Rullivant, shows the 
breaking strains of various kinds of wire rope. 
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Table LX II I— Breaking Strain of Rories 
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Wire ropes require frequent attention, as they are subjeet to 
heavy wear and tear, and unless examined and repaired sufficiently 
often, they may fail and caifte a serious accident. Bending the 
rope round too small a sheave, pulley, or drum, will also cause 
strains which may easily damage it. «, The effects of abrasion and 
cutting action are ateo serious, but may be kept within. reasonable 
limits by efficiently lubricating the rope with a hot mixture of tar, 
linseed oil, and tallow. 

Ropes for hauling should never be overloaded, nor should they 
be applied to the load, or the load to them, with a jerk, as this has 
an equally detrimental effect. Similarly, the rope should not be 
allowed to strike any posts, or other fixed objects, which cause 
unnecessary rubbing, as these wear it away and soon reduce its 
strength to below that which is safe. 

Points and Turn-tables. — Special care is needed in the selection 
of points, particularly movable ones. In planning a works, care 
must be taken to avoid inserting too many points, as these affect 
the smoothness of the running. It is also necessary for the wagons 
to run more slowly over the points, in order to prevent them from 
being derailed. Points are, however, to be preferred to turn-tables, 
and the latter should only be used when really necessary. It will , 
often be preferable to take the wagons several yards farther and use 
points, than to have a shorter distance and use a turn-table. When 
turn-tables are Used they should be kept in first-class condition, so 
as to jburn easily, to be dirt-proof, and need little attention. By 
using a ball-race for the turn-table, most of the friction can be 
avoided. It is most important that the dirt should not gain access 
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to the race, buttt it should do so, the tables ought to be designed so 
that it may be removed in a minute or so. 

Turil-tables are usually ^permanent structures, but for some 
purposes a climbing turn-table is better. A climbing turn-table 
consists of a large iron plate of special shape, which can be laid 
over the rails and is provided with sloping sides, so that the wagons 
travelling over the track run on the turn-table, and may then be 
turned in any desired direction and guided to another set of rails. 
Such a turn-table can be placed at any portion of the track to form 
a temporary switch in places where permanent points are un- 
desirable. It is most commonly used to take wagons in a direction 
at right angles to the main track when forming a heap for weather- 
ing, or tilling and emptying trucks. It has several other uses, and 
its application in many works might usefully be extended. 

Rails. — The tra* \ of a works tramway should l>e skilfully 
selected, and it is essential that i^ should be well laid on soundly 
bedded sleepers to which the fails are securely fastened, preferably 
by means of bolts, which are cheaper in the long run than the more 
usual nails. The dimensions of the rails must bo selected according 
to local requirements. For the lightest portable rails a weight of 
8 lb. per yd. is usually satisfactory, but for permanent tracks it is 
better to use rails weighing about 22 lb. per yd. 

When curves have to be traversed, the “ outer ” rails should be 
raised above the level of the inner ones. The amount of elevation 
can be calculated from a suitable formula but it is usually lx>st to 
raise the rail much more than the calculated amount. At the low 
rates of travel in sandstone workings, the amount of elevation need 
seldom exceed f> in. • 

It is highly advisable to place the maintenance of the rails and 
turn-tables in the charge; of one t man. who should he compelled to 
keep all the tools, nails, bolts, etc., he requires, in a sjx*eial box, 
which he should take with him to the place where repairs are; needed. 
If this is done, great care being taken that the tools, etc., arc not, 
on any pretext whatever, allowed to lie about and that the disused 
bolts are carried away to their propr place, many annoying 
incidents which result from losing tools, and much of the time lost 
in fetching them, will lx; saved. These may appear small matters, 
but they are none the less important. 

The sleepers should be arranged across the track as in a railway, 
and not parallel to the rails, as the latter arrangement, though much 
cheaper, is not nearly so satisfactory. The sleepers may lx; of wood, 
steel, or concrete; it is very difficult to say which is the best 
material when price has to be considered, but ’most quarry 
managers prefer them in the order mentioned. 

Wagons, Tubs, or Cars, which run on rails, have a capacity of 
5 cwt.-lj tons when used inside the works area, the ordinary 
railway trucks being employed for longer distances. Horse-drawn 
carts should only be employed where other vehicles are less con- 
venient. Motor lorries are being increasingly used for transport by 
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road, for distances up to 40 miles ; beyond this fhey are usually 
not so cheap as railway transport, though much depends on local 
circumstances. 11 

The tramway wagons or “ tubs ” usually employed for single- 
rope haulage have a capacity of about £-1 ton of material. A 
particularly convenient form is that known as the “ Jubilee ” 
pattern (Fig. 47), supplied by several firms. These wagons may be 
made to tip sideways or endways. ' * 



The requirements of a good wagon, tub, bogey, corve, or what- 
ever name these articles may be known by in different parts of the 
country, are : (l) strength, (2) lightness, (3) stability, (4) compact- 
ness, (5) easy running, and (6) easy discharge. Ball-bearings are 
increasingly used in the construction of wagons, and it is, in any 
case, desirable to oil or grease the bearings at very frequent intervals. 
Easy discharge is particularly important in the ease of “ tipping 
wagons.” Some of the more recent designs are particularly con- 
venient in this respect, and combine great natural stability with 
remarkable eftse in emptying. At the same time, the body of such 
a wagon must be so fastened that it will not discharge its contents 
accidentally. 

The wagons should be made of steel -plate with angle irons, 
stout rims, and a strong angle -steel frame. The wheels should be 
specially toughened and provided with ball-bearings for easier 
running. The body should be well balanced so as to tip easily 
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when required, 1 but shoulti be provided with a simple, reliable 
fastener to keep it from tipping unexpectedly. Where several cars 
are to be fastened together, snivelled couplings are desirable. 

When endless haulage uj) a, steep incline is necessary, small 
oblong wooden or steel wagons, each holding about 8 eu. ft., are 
very satisfactory. These are run into g tipping frame, and so are 
emptied quite as easily as when tipping wagons are used, whilst the 
cost of plain wagons#and f * tipping frame is much less than that of 
the tipping wagons. Unfortunately, tipping frames can only be 
used where the material has to fall to a lower level than the track, 
whoreas side-tipping wagons of the type illustrated (Fig. 47) can 
tip on to the level of the track. 

Small wagons distribute the load more uniformly on an endless 
rope or chain, and they feed the crushers or other machinery much 
more regularly thiU' a smaller number of larger wagons, and so 
effect a saving in powder as compared with large wagons. They are 
also easier for the men to handle at the quarry or in the mine. 

In cases where the material might be stained by rust from steel 
or iron cars, wooden bodies mounted on steel frames may be used. 
Wooden cars should be built of well-seasoned oak, solidly braced 
and bolted, not nailed. They should be so constructed that any 
part can be removed without* damaging the remainder. The iron 
or steel framework should Ix^ stout and tin* wheels heavy and sound. 
It is a great advantage if the cars are fitted w ith ball-bearings and 
self-oiling boxes. 9 

The bearings used in cars are of great importance, as upon them 
the ease or otherwise of the* traction chiefly dc]x*nds. There, is a 
considerable difference of opinion as to whi<4i form of bearing is 
best, but there can be little doubt that hall- or roller-bearings, when 
well cased and properly looked jifter, afford the easiest running 
of cars, though they are more costly in the first place. Quarry 
managers who have sufficient foresight to recognise that easy-running 
cars do more w’ork and require less traction, almost invariably use 
cars with ball- or roller-bearings. In each of these forms, the axle 
is surrounded by a ring of steel balls or rollers, working in an outer 
v steel ring which forms the lining of the box of the bearing. 
There are various types of ball-lx'arings on the market, and the 
builders of cars will fit such bearings on to any car, if required to 
do so. The first cost of the ear is of less importance than is 
commonly supposed, as cheapness usually means sacrifice of one or 
other desirable quality, chiefly low power to propel the car and 

rapid transport. . , 

If the track crosses the public road, it is desirable to have some 
form of brake attached to the wagon, or, in the ease of pony-drawn 
tubs, the pony should be fitted into fixed shafts and not in the 
usual loose chain traces. For tracks entirely on the works, a brake 
is not quite so necessary, though still desirable. 

Where the wagons have to be used on an incline of 1 mU, they 
are liable to fall over, and cannot be filled without some of the 
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material falling out on the journey, 'fo overcome this difficulty, 
they may be mounted on another car of such a shape that the 
wagons remain level whilst the framti car passes up and down the 
incline. These special frame carg can only be used on a uniform 
gradient. 

To prevent tipping cays from slipping whilst dumping their 
contents, it is often convenient to employ some form of simple 
. • catoh. Unless this is 
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done, the men engaged 
in iinloa/liiig the cars 
may be injured, and, in 
any case, time is lost by 
the occasional derailing 
of the cars. Various 
forms of tie and catch 
art? in use, but one of 
the t)est consists of a 
simple iron bar, the top 
of which is sufficiently 
high to clear the frame 
of the car without giv- 
ing much play. Hence, 
when the car is being 
tipped, the frame cannot 
move forward, but is 
held by the top bar 
and all slipping is pre- 
vented. So «simple an 
appliance can be made 
from odd bars for a few 
pence. 

Ropeways or Aerial 
Ways (Fig. 48) are a 
modification of rope 
haulage, in which the 
rope, instead of pulling* 
the wagon along, actually 
carries the “ wagon,” 
which is usually in the 


1 form of a box or large 

bucket. As a matter of safety, the bucket should be fastened 
to the rope whilst it is in motion. It may be released at the 
end of its journey, or it may remain permanently attached to 
the rope, the material being filled into buckets at one end of the 
track and emptied at the other by releasing a pin, which causes the 
bucket to tip over, or allows one side of the bucket to fall out. 
Where the nature of the ground does not permit the construction of 
an ordinary tramway (as where a deep valley intervenes between 
the source of supply and the destination of the material), an aerial 
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ropeway has thd advantage of reasonable cost, Rmall maintenance 
charges and high capacity. It also has the advantage that the 
space between the quarry ahu the destination of the material, 
instead of being occupied by a tramway, may be used for any other 
purpose for which it may be suitable, rnfortunately, the initial 
cost of overhead ropeways is so great (it is seldom loss than 
£1500) that they can only be used for large outputs, or for 
abnormally long distances* and even then, unless at least live 
tons per hour is to bo transmitted, they are not economical. A 
simple overhead rojieway may sometimes be made in a quite 
rough and homely fashion ; this is economical for short distances 
and loads of 1 ton per hour. Care should la* taken to make it of 
afnple strength. 

Overhead ropeways are of three types : (i.) those in which the 
buckets are fixed to « travelling rojn* and are carried by it from one 
end of the journey to the other, and. back again ; (ii.) those in which 
a fixed rope is used to carry the buckets, which arc provided with 
pulleys and are hauled along the rojK* . and (iii.) an endless rojiew'ay 
of either of the foregoing types. • 

The second and third typos are most economical where the out- 
put is sufficiently large, the first type l wing used chiefly for small 
works. 

The difference between a modern, properly constructed plant 
and the inferior class of ropeway may be seen, in the first place, 
in the structural work tor $he towers and stations. Jhcrc* is a 
choice of two alternatives, and in climates which are not exception- 
ally deteriorative to timber there is much to bo said for its use for 
ropeway plants. In normal cases it costs 20-30 jx*r cent less than 
steel construction, and whilst the latter is of course preferable, it 
is not absolutely necessary. The # nst may usually be reduced if 
the intending purchaser obtains the prices of pine timlwr (cut both 
round and half-round) from local dealers and stutes these? prices to 
the ropeway manufacturers, os it is generally immaterial to them 
from whom the timber is bought. If timber is chosen as the 
material for the structural work, it should iw ereosoted, or at least 
those parts of the timber posts which go into the ground should be 
thoroughly tarred. Every few weeks, for the first two vcais, it 
will be necessary to go over the bolts which bind the timber together, 
in order to tighten them, as the timber contracts considerably 
under outdoor influences. The necessary foundation work for 
these structures may be of either concrete or masonry work, and 
most manufacturers will choose the latter if bricks are readily 
obtainable, as brickwork is often cheaper and more rMiable than 
concrete. In some cases, the timber towers can be erected without 
any foundation w’hatever, but for steel-work towers a foundation 

is essential. , , 

The track or main carrying rope is of great importance, and 
onlv ropes made of the best quality of steel should be used. 

The chief causes of rope breakage are the brittleness of the steel 

vorf. I Y 
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and the faulty design of the plant. Brittleness i$ usually a result 
of an attempt to give the rope an extremely hard surface, which 
will resist the wear and tear of the •carrier-wheels. Faulty design 
is most frequently shown in sharp beds and kinks in the rope, 
which strain the individual strands to such an extent that they 
easily break ; a skilful designer is very careful to lay the cable 
so that no sharp bends are given to the rope, and this, if the°rope 
is of ample strength and of a skilfuKy selected quality, ensures 
the greatest possible length of life. 

The length of time the carrying ropes or cables aviil last depends 
chiefly on the quality and the construction of the rope ; six years 
is a fair average, though many ropes have lasted double that time. 

The most generally used form of rope is a spiral rope, in which 
each individual wire or strand is round, and the whole of the wires 
composing the rope are spirally interwoven* together in such a 
maimer as to form a self-contained continuous rope. This type 
of rope is cheap and serves as a good track cable, but .unfortunately 
its surface does not present a continuous whole or smooth surface 
to the carrier wheel, and consequently a great amount of friction 
has to be overcome, which naturally wears out the rope. Further, 
when one of the strands of the rope breaks, it immediately springs 
out from the surface owing to its natural elasticity, and a rope 
jacket must be placed on the rope, over the broken wire, to bind 
it down again. Unless this is done, the protruding wire will catch 
against the wheel of each carrier and jnay throw it from the track. 
Rope jackets of sheet steel only cost a few pence each, but some- 
times the rope is high above the leftrel of the ground, and is not 
readily accessible. *To remedy these disadvantages, several types 
of locked and semi-locked ropes have been designed, with which 
it is practically impossible for *my such interruptions to occur in 
the traffic ; such ropes also have a smooth surface, which presents 
a much better track to the carrier wheels, creates less friction, 
and thus reduces the wear on the rope as compared with that on 
spiral ropes. • 

The cable should be supported on lengthy bearings or slideways, 
in order to avoid any sharp bends ; it should be suitably anchored 
at one end station and tensioned in the other. Some makers 
attach a telescopic spring to either end of the ropes, whilst others 
use pulley blocks or screw gear for taking up the slack of the ropes. 
The best method is to use a large tension weight, hung so as to allow 
free sliding up and down, according to the variations in the rope, 
and to keep it always at a fixed tension ; this method has con- 
siderable advantage over the others mentioned above. 

The hauling rope should be carefully selected, in order to obtain 
as smooth a working of the plant as possible. A rope with a hemp 
core should be used. The end-sheaves around which this rope 
runs t should be of large diameter, so that the individual strands 
of the rope may not be injured in bending around it. The grooves 
of the pulleys of the driving gear may be lined with leather or 



AERIAL ROPEWAYS 


323 


wood so as to iAcrease the gripping action on the rope. 'Hu* nqx* 
should also be suitably supported bv rollers on the towers, in order 
to obtain a proper clearance* above ground level. In the station 
opposite to the driving terminal,# the traction rope should always 
be tensioned in a manner similar to the carrying ropes, but a longer 
play for the weight must be allowed, as very considerable variations 
occifr on the hauling rope. If these variations are not controlled 
automatically, the hhulin^f rope becomes slack, and consequently 
the driving gear continues to revolve, whilst the traction rope 
remains statfoimry, with disastrous effects to the strands of the 
rope. 

The driving gear must be carefully designed and should under 
no circumstances consist of a single drum, round which the traction 
rope is wound two or three times to give the necessary grip. This 
method, which is us# ’ by some makers, severely injures the traction 
rope and reduces its life to one-hal{ of what it would Ik* if pro|x*rly 
designed driving gear were usefl. The drive from the main sheave 
to the motor or engine is best effected through bevel gearing, 
although ordinary straight-toothed or spur-gearing may be used 
if desired. , 

The carriers or buckets usually consist of a two-wheeled trolley, 
the wheels of which must be of good malleable iron or, preferably, 
of cast steel. Cast-iron wheels, after the hard, chilled outer surface 
has worn off, rapidly wear unevenly ^ with the result that when a 
worn part of the rim of the wheel come;: into contact with the 
surface of the track cable, the wheel ceases to revolve and slides 
along the rope, instead of running along it. * When this happens 
to several,* or possibly all, the carriers on the line, the friction is 
so great that the driving power may not be strong enough to over- 
come it and the transport is consequently stopjx*d, and in any 
case the wear on the rope is greatly increased. 

The wheels ot the carrier or trolley should be supported on axles 
fitted into steel side-plates, and from this carrier the hanger which 
holds the bucket, and to which the hauling' 'rope grip is fastened, 
should be hung. The general apjwaranee of such a carrier may 
be seen from Fig. 49. 

The bucket should be made of sheet iron or preferably of sheet 
steel. When the buckets are to be automatically discharged, a 
tipping lever must be fitted and the pivots on which the bucket 
is supported must be placed below the; centre of gravity, so that 
the bucket cannot retain its position unless it is held fast by the 
tipping lever ; consequently, when a catch strikes^ the tipping 
lever and knocks it out of place, the bucket tips over and the 
whole of the contents is automatically discharged. 

Fig. 50 shows an ordinary pit tub, hung from the carriers of 
a ropeway trolley. This arrangement enables existing rolling 
stock to be utilised for the ropeway transport, the tubs* being 
carried by chain slings, which are slipped on the hooks of the tubs 
and the carrier dispatched from the ropeway terminal on to the 
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ropeway track, a process to which an ordinary labourer or youth 
can easily attend. In most cases it iB preferable to use a carrier 
specially designed for a ropeway. •The heavy wooden trucks 
frequently used on inclined haulage systems are unsuitable for a 
ropeway, as their great weight would necessitate very heavy carrying 
and traction ropes, with a* consequent increase in the initial cost 
of installation of the ropeway ; the power required would’ be 
unnecessarily great and the maintenance expenses would be unduly 
large, on account of the heavy wear and tear on the ropes occasioned 
by the heavy wagons. If the standard type of sopeway carrier 
is used, the loads will be more uniformly distributed along the 



rope and the excessive strains due to the use of heavy wagons 
will be avoided. 

The loading end of the ropeway should be as near the working 
face as possible, and it should be extended from time to time either 
by light-gauge tramway tracks, if tubs are used, as illustrated 
in Fig. 50, or by an overhead track, if standard buckets are used, 
as in Fig. 49. The overhead track usually consists of a rigid rail, 
suitably supported/ or hung from iron trestles, as illustrated in 
Fig. 61. These trestles are quite simple to construct, and for loads 
up to half a ton can be made of light timber 5 in. x 5 in., with the 
cross beam 8 in. x 4 in., whilst for buckets above this weight and 
up to^ne ton, 7 in. x 7 in. timber, with an 8 in. x 6 in. cross beam 
will be ample. The rail of this overhead track must end exactly 
at the same level as the station rails, so that the ropeway cars, 
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when uncoupled from the traction rope, may run straight on to 
the track, and vice versa . The trestles and rails may be laid in 
any direction, and are taken ifp and relaid as circumstances demand. 
The rails can be made of ordinary flat or angle iron of a sufficient 
strength to bear the cars which will travel over them . Unfortunately, 
the cost of extending an overhead track is much greater than that 
of laying light rails, so that whilst the overhead track has several 
advantages, and is tflie onfy practicable system in some instances, 
a tramway system often proves to be cheaper. 

The grip if o» attaching the car to the rope has been the subject 
of many patents, yet there are few good grips which can negotiate 



gradients of 1 in 1. As a sharp rise from the quarry or pit often 
requires a gradient of this steepness, the purchaser should very 
carefully satisfy himself as to the efficiency of the particular grip 
he has under consideration. On the other hand, it is a wise pre- 
caution, wherever possible, to excavate part of the 'ground, or to 
alter the positions of one or more of the towers, so as to lessen the 
steepest parts of the gradient. Friction grips are usually the most 
convenient where the incline is not too steep, but for severe gradients 
screw-grips are safer, though much more troublesome. For any 
given works, that grip should be selected which, whilst affording 
the necessary safety after prolonged wear, is the easiest to use in 
attaching the carrier or removing it from the rope. t 

It is often convenient to use carriers which can be lowered 
to the quarry floor and raised almost to the level of the rope during 
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transport. Such a device (known as a blondin) corfsists of a frame- 
work which runs on a track rope, and is fitted with a pulley and 
rope operated from one end of the track, so as to lower or raise 
the bucket from the framework. #Blondins are particularly suitable 
for raising loads of less than 5 tons out of deep quarries. They 
should be worked as rapidly as is consistent with safe working ; 
in many works, they are driven too slowly — particularly ori 1 the 



Fro. 51. — Ropeway extension on telpher-track. 


return journey, with the result that the output is lower than their 
true capacity. When carrying a full load the bucket may travel 
at the rate of 260-300 ft. per min., but the empty bucket should 
not travel rft less than 400 ft, per min., and may usually travel 
much faster. 

An automatic weigher and totaliser, such as those manufactured 
by W. & T. Avery, of Birmingham, may be used to record the 
amoupt of material passing over the ropeway. 

Where there is any risk of damage by material falling from 
the buckets, a stout network should be spread beneath the ropeway. 
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Mono-rails dr Telpher Lines (Fig. 52) arc rigid aerial ways, in 
which the buckets are carried on a steel rail. Strictly the "term 
“ telpher ” should be confined to those devices in which the motor 
is attached to the moving bucket, or carrier, but many other mono- 
rails are now known as telphers. True telphers are seldom used 
in«quarries, as the simple and less exjmnsive mono rails and roj>e- 
ways are usually sufficient, but telphers art' always worth considera- 
tion, when unusuall\»large^iuantities of material* have to la* moved. 



Strathan <£• tlvnnhaw, LUl., Hr idol. 


Fig. 52. — Telpher line. 

Mono-rails are commonly limited to short distances of 150 yards 
or less, as for longer distances ropeways are cheaper, and on that 
account are preferred. Mono-rails arc. however, very useful at 
one or both ends of a ropeway, as they facilitate loading and 
unloading (Fig. 51). • 

The rails usually consist of an ordinary 1 -girder, the bucket 
or carrier being suspended from an attachment such as that shown 
in Fig. 53, in which the wheels run in two half-grooves to ensure 
smooth running, especially around curves. The haulage appliances 
are similar to those of aerial ropeways, the chief difference between 
a ropeway and a mono-rail being in the greater rigidity of the latter. 
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Lifts in the* sand industry are chiefly of the “‘cage ” variety; 
they are occasionally used for conveying material from deep 
quarries, but chiefly for raising the s$nd to the highest part of the 
crushing and screening plant, so .that its later movements may be 
effected solely by gravity. In the United States particularly, it 
is customary to erect very high crushing, washing, and screening 
plants, and cage-lifts of the ordinary vertical type have been found 
to be the most efficient means of elevatkig th® sand to the required 
height. A simple form of lift, in which the cage is 
raised and lowered by means of a rgpo passing over 
a pulley at the top of the structure, is quite satis- 
factory, but it is important that it should be skil- 
fully designed and provided with adequate safety 
appliances. ' 

Conveyors. — Where the sand or stone cannot be 
tipped directly into the grinding machine or bins, 
conveyors are frequently the most economical means 
of transport. They are exceedingly useful when 
removing overburden, or working loose deposits 
with a steam navvy which discharges the material 
into a hopper above a conveyor ; the latter either 
carries the useful material to the plant, or the 
rubbish or overburden to a part of the pit on which 
it may be deposited without causing any future 
inconvenience! Conveyors are also used for taking 
the sand from dredgers to the land, for distributing 
sand in piles or bins^ for storage, and for with- 
drawing sand from heaps or bins for use.. 

Conveyors have an enormous capacity and an 
almost constant .delivery — two important advan- 
tages in sand transport. They consume a moderate 
amount of power and are applicable in many ways, 
provided the distance is not too great. In no case 
should* they be used for distances exceeding 1000 
yards, and in most instances 500 yards may be 
Fig. 53.— Telpher regarded as the maximum. Conveyors require very 

support. 1 little room and the cost -of the upkeep is relatively 
small, whilst their efficiency and convenience are 
both high, so that they are well adapted for use in working sand. 

Conveyors* are of numerous types. Those chiefly used for the 
transportation of sand and stone are : (a) belt conveyors, (6) drag- 
plate and scraper convoyors, (c) bucket conveyors, and (d) jiggers 
or shaking conveyors. 

Belt Conveyors (Fig. 54) are by far the most commonly used for 
carrying sand in an almost horizontal direction, though if baffles 
are placed on the belt they may be used for inclines up to 1 in 1. 
The maximum length of a belt conveyor is determined by the fibre 
stress m tho belt and is, therefore, ciosely related to the load and 
speed. Conveyors which are horizontal may naturally be longer 
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than those required to elevate the material. Conteyors 1000 ft. 
from centre to centre, amply supported by runners and carrying 
500 tons per hour, are in satisfactory use. A conveyor belt should 
usually be made of strong, woven hemp or specially prepared 
canvas (rubber alone stretches too much), and the edges should 
be -bound with, cord to prevent their* wearing too rapidly. A 
coating of tar on the belt will increase its durability. Other 
materials may also Ifc used, either as a protection to the surface ■ 
of the belt, or for its complete construction. Thus, Irelts composed 
of bars of \focd or metal united by steel links are sometimes 



Mitrhrll V onvet/or Vo., Ltd., London. 
Fro. 54. — licit conveyor. * 


employed, and recently belts made of thin steel have been extensively 
used in a few works with highly satisfactory results. 

Where coarse materials, such as stone, are to be conveyed, 
a chain- or link-belt is often preferable, especially as it may also 
be used as a coarse screen for separating the smaller particles ; 
such a belt is. particularly useful in separating and removing gravel 
from sand. 

Belts of cotton, hemp, or prepared canvas, such as balata, 
are the most extensively used as conveyors. .Such belts, which 
in general shape and appearance resemble those used for driving 
machinery, pass over two pulleys—one at cither end — and over 
a number of guide rollers, or “ idlers,” arranged at intervals 9 along 
its course. Where the ouantity of sand to be carried is sufficiently 
largb, the plain guide rolls may be replaced by sets of three rollers, 
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so arranged as* to bend up the edges of the belt, hnd thus form a 
channel in place of the flat surface. When such a trough conveyor 
is used, the belt may, with advantage, have a flexible joint running 
lengthwise of the belt and a few inches from its edge, so as to make 
it easily conform to the shape required and to prevent any sand 
from spilling over the edge**. . • 

For large outputs, the use of a belt in the form of a trough is 
better than a flat belt, as the latter requires ‘side boards extending 
along its entire length in order to prevent spilling, but trough belts 
are never very efficient, and the trough -forming pulleys are a 
prominent cause of wear on the belt. One pulley round which 
the belt passes rotates in fixed bearings and is driven from the 
engine or shafting ; the other end -pulley should be fitted in a 
movable frame with sliding bearings, so that the tension of the 
belt may be kept constant and sagging avoided. All the bearings 
should be provided with caps Jo prevent dust or dirt falling into 
them. On the under side of the frame of a horizontal belt, idler 
pulleys should bo fitted about 20 ft. apart, to support the returning 
portion of the belt. * 

The belt conveyor has one advantage over most other types 
of conveyors in that it may be driven from any point in its length, 
though an end-drive is preferable. If the belt conveyor is inclined 
it is generally desirable to place driving pulleys at the upper end, 
otherwise the slack part of the belt would be on the upper or working 
surface, which is very undesirable ; .driving from the lower end 
of an inclined belt also necessitates increasing the tension on the 
belt, which is another unsatisfactory feature. 

The use of an intermediate drive using “ snub ” pulleys, though 
satisfactory for soft materials, is undesirable for hard and angular 
materials such as sand, as the particles tend to become embedded 
in the belt and will, in time, injure it. Snub pulleys also have the 
disadvantage of forcing the working sides of the belt, when at 
greatest tension, against the face of the pulley. To secure 
economical working ft is essential that the belt should travel at 
a fair speed, usually about 240 ft. per min., but an excessive rate 
must be avoided, especially with fine sand, or the material will 
be wasted in transit by being blown off the belt. Short belts 
less than 14 in. wide may usually travel more rapidly than long ones. 

Ordinarily, a belt conveyor is loaded at one end, but if desired 
it may be fed at any other point prior to that of discharge. 
It is usual to discharge the material at the end remote from that 
at which the load is supplied, though it may be discharged at any 
point by placing a vertical board at an angle across the belt, so that 
it diverts the material, whilst allowing the belt to travel forward. 
A series of such diverters may be used to enable one belt to supply 
material to each of several bins in turn, the diverters being moved 
as ea$h bin is filled. 

It is advisable to provide some mechanism to clean the belt 
after it passes over the discharge pulley, rotary brushes made of 
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various fibres being generally used. These brushes revolve rapidly, 
sweeping the material into the chutes. . They are driven by an 
extension of the conveyor pldley, and are provided with means 
for adjusting the brushes for the wear of the fibre. 

The various runners, pulleys, etc., are usually carried on a 
frame which niqy be of wood or steel •preferably the latter — one 
end being bolted to the head -gearing frame. The shafts and gearing 
should be proportionate toPt-he width and length of the conveyor. 
Table LX1V. shows the size of the various rollers required for 
belts of diffcftnfc widths. 


Table LX1V. Belt Conveyor Koi.lkh Sets. (f!. Mitchell.) 


Width in Inches. 

12. 

ir>. 

IS. 

21. 

21. | 27. 

30. 

:t«. 

40. 

44. 

48. 

Ton Rollers : 
Diamoter . 

• 

5 

r> 

<) 


! 

« j ? 


7 

8 

8 

ft 

Width 

4 

5 


; <> 

"i ! HI 

0 

10} 

10} 

10} 

10} 

Tube spindles . 

1 

l 

U 

1 M 

Ijii H 

U 

If 

12 

U 

2 

Bottom Rollers : 

| Diameter . 

4 

4 

• r > 

! . 

.» 

• 

a 0 

; ti | 

7 

7 

! 8 

8 

; Width 

14 

17 

i 20 

j 23 

! 27 i 30 

i 32 

38 

42 

1 47 

51 

j Solid spindle 

l 

1 

| I 

: u 

: 1] ! U 

1 u 

1J 

If 

i - 

2 

I 'Pop Edge (J nicies : 

1 Diameter . 

4 I 4 

i 

3 

i i 

i ! r, 

j 

! 5 

: 0 

i 

0 

i 

! 0 

0 

Width 

:i 

3 

i 4 

4 

i ; r» 

r> 

5 

f» 

0 

0 

J Tube spindles . 

l 

1 

!*. 

j U 

i .l! i l 

! i 

| 1.1 

; 1} 

If 

1 

If 

>1 


The thickness or ply of the Indts used ift*ed not trouble the 
purchaser to any great extent, as the maker will generally see that 
the ply of a belt is suitable to it.^ width. Table* LXY., however, 
shows the most generally satisfactory plies. 


Table LXV. Belts for 


Width. 


Not exceeding 12 in. 
„ 18 „ 
24 „ 
M „ 
40 ,, 

„ 48 


Conveyors. (<!. Mitchell.) 
* 1'lirn. 


MeplH'd. j Ordinary. 

(Mitre. Kdwsu. | Kqual IMUti. 



Output of Belt Conveyors.— The output of a conveyor depends 
to a large extent on the manner in which it is used, as the personal 
factor ” plays a large part in controlling it. Tabic LX VI. shows 
the approximate capacity of belt conveyors of different widths. 
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Table LXVI. — Horizontal Belt Conveyors on ICO-ft. Centres. 
(G. Mitchell.) 


Width In Inches . 

12. 

15. 

18. 

21. 

• 

24. 

27. 

30. 

36. 

40. 

44. 

48. 

Driving and drum 

18 

20 

‘W 

s 

24 

27 

30 

33 

36 

38 

40, 

42 

Tension . 

15 

18 

22 

24 

26 

28 

30 

32 

34 

36 

Width of both above 

14 

17 

20 

23 

27 

30 

32 

38 

42 

47 

51 

Gearing ratio . 

3: 1 

3 : t 

4 : l 

4: ] 

4 : 1 

.5 : 1 

n 


5: 1 

6: l 

6: 1 

6:1 

Pitch . . . 

| 

l 

n 

It 

U 

€ u 

It 

U 

30 x 1 ! 

U 

Driving pulley 

18/4 

18x5 

21x4 

21 x 5 

24 v 5 

24 x 5 

30x5 

30 - 6 

36x6 

42 • H 

Speed 

128 

150 

208 

102 

170 

223 

203 

212 

240 

288 

273 

Output, tons per hr. 

30 

48 

70 

82 

05 i 

123 

136 

J87" 

206 

281 

312 

Speed, ft. per min. 
Rubber and eanvun 

200 

250 

300 

300 

300 

350 

350 

400 

400 

500 

500 

belt ply 

Solid wovon canvas 

3 

3 

4 

4 

5 

5 

5 

6 

6 

7 

7 

belt thickness 

Size of longitudinal 

A 

A 

i 

i 

A 

A 

A 

1 

1 

1 

1 

channels 


5x21 

5-2J 

fl> 3 

6/3 

6 x 3 

7- 31 

7x31 

7 - 31 

8x31 

8X31 


All dimensions are In Inches. The output Ip calculated on material weighing 50 lb. per cu. ft. 

Where the inclination of a conveyor is very steep, its efficiency 
may bo increased by fastening strips of wood or iron about 3 in. 
high at intervals of 3-4 ft. on the belt. These prevent the material 
from falling down the belt, and enable the conveyor to be used for 
an incline of 25 degrees, or a rise of nearly 1 ft. in 2 ft. Unfortun- 
ately, when such cleats or flites are attached to the belt it cannot 
run so smoothly as a plain belt, so that for very steep inclines 
bucket conveyors or drag plates (see lafer) are preferable, or, in some 
cases, vertical lifts are best. 

Fixing Belt Conveyors. — Great care is necessary in putting on 
a new belt, in ordei* that it may be mounted perfectly «true, other- 
wise the wear will be excessive. As a matter of fact, it is very 
difficult to make a conveyor b^lt, or in fact any belt of great 
length, absolutely true and straight when stretched. Conse- 
quently, after it has been placed on the pulleys it should 
be started very slowly, watched carefully, and the tension put on 
very gradually ; for it sometimes happens that the tail pulley 
has to be taken up more on one side than the other, and some of 
the intermediate carriers moved to the right or left, so as to adjust 
any inequalities in the belt. In making these adjustments great 
care is necessary, but when onco the belt is adjusted it will usually 
continue to run true and give satisfactory service until worn out ; 
if, however, the belt is set wrongly it is soon spoilt. Sometimes, 
in ignorance, steering idlers are applied to force the belt to run 
within certain limits ; this is not good practice, as these idlers 
wear out the edges by excessive pressure, and although the belt 
may be forced to run approximately true, it does so at an enormous 
cost in wear and tear. Steering idlers should only be used to 
prevent accidental sheering of the belt, and not for forcing the belt 
to ru^ true. 

If, after running straight for some time, a belt begins to run 
erratically, the whole conveyor should be carefully examined, as 

yJT- 
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any deficiency ih the lubrication may make trouble by causing 
any one of the pulleys in a set of trougliing idlers to run hard or 
to remain stationary. Perfect lubrication plays a very important 
part in the successful operation of a bolt conveyor, and though 
self-lubricating devices should be used* they require frequent 
examination. • 

Tlie most suitable trougliing idlers, if these are necessary, 
consist of three pullers, ofte horizontal and two side pulleys at 
a suitable angle. Care should be taken that the edges of the pulleys 
do not cut th6 bait. 

In lacing a belt, the edges should be made to coincide and the 
centre of the belt fastened first. Then the edges of the l>olt should 
bo secured and finally the spaces between. If metal fasteners 
are used they should be inserted one on one side and another on 
the other side, alter atively, until the whole width of the belt 
is securely fastened. 



Fro. 55. — Divertor for belt convey A*. 

Feeding Belt Conveyors. — In njpst eases, a chute or hopper is 
employed for supplying the material to the belt. Such a chute 
or hopper should deliver the material on to the belt at approximately 
the same speed as the belt travels, so as to avoid unnecessary 
abrasion. The shape of the chute should be such as to prevent 
the direct impact of the material on to the belt. In all cases, care 
should be taken that the chute cannot damage the belt during the 
feeding. It is undesirable, though sometimes necessary, to feed 
from two chutes on to the same belt, but this tends to overload 
the belt and also to cause unnecessary abrasion as a result of the 
material already on the belt coming into contact with a stream 
descending from another chute. VVhiehever type of chute is 
employed, it should deliver on to the centre of the belt so as to 
distribute it evenly over the surface of the conveyor. * 

Discharging Belt Conveyors.— If diverters (p. 330) are used, 
they should be arranged so as not to damage the belt, though they 
almost invariably cause increased wear and tear, A tripper 
(Fig. 55) which may be placed at any point on the belt and may 
be moved as desired is less likely to damage the belt. 

Prior to stopping a belt conveyor, it is important to let it 
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discharge the whole of its load ; otherwise, on Restarting it, an 
excessive amount of power may be required and this may cause 
serious trouble. With a little forethought, no difficulty need be 
experienced in taking this precaution. 



Fio. r 56. — Poidometer. 


Poidometers. — If desired, belt conveyors may be arranged 
either to weigh the materials which pass on to them or to supply 
definite quantities of materials on to the belt. This is effected 
by means of a poidometer, §uch as that shown in Fig. 56, which 
consists of a conveyor, mounted on r a steel frame and prepared 
to receive the material from a cast-iron hopper above. The material 



Hepburn Convef/or Co., Ltd., Wakefield. 

Fia. 67. — Portable belt conveyor. 

passing from the hopper on to the belt causes the belt to sag, so 
that its weight is borne by a supporting roller under the middle 
of the belt ; this roller pulls on the walking beam of a weighing 
machine, causing a reverse motion which is counterbalanced by 
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a weight on th<* scale beam, which, in turn, is a measure of the 
weight of material supported by the .roller. Where a regular 
supply of material is required the motion 0/ the l«-um is made 
to close or open the hopper gate *0 as to keep the delivery of the 



11 DfmpxUr <k Sont, Ltd., EUa»d. 
Fia. 58. — Bucket conveyor. * 


material constant relative to the weight indicated on the scale 
beam. By means of this apparatus it is possible to measure 
the amount of material passing over a belt (see also p. 320 ). f 
Portable Belt Conveyors such as that shown in Fig. 57 are some- 
times of value for short distances. The design is practically the 
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same as for larger fixed conveyors, but a special oil-engine or 
electric motor is used and the whole apparatus is mounted on a 
movable body, so that it can be token from place to place as 
required. When the material has to be conveyed in an upward 
direction, it is usually preferable to employ a bucket elevator, or a 
belt to which cross-pieces or “ slats ” are attached, to prevent the 
material from travelling backwards instead of forwards . * 

Bucket Conveyors (Fig. 68) consist flf a series of buckets fitted 
with wheels and attached to each other to form a long endless 
chain. The buckets empty themselves as they turn oter the pulley 
at the delivery end of the conveyor, or they may be made to tip 
at any desired point. In some forms of bucket conveyors the 
buckets are made to overlap. In another form the buckets are 
fixed to a belt at regular intervals instead of being linked together. 
(See also Fig. 41 and Bucket Elevators, p. 339).* 

Jigging Conveyors (Fig. 69) , are sometimes very economical if 
the material is not plastic or sticlly and the distance is not too 



fUitmoml Coal Cutter Co., Wakefield. 

Fig. 59. — Jigging conveyor. 

great. They usually take the form of shallow troughs mounted 
upon arms, pivoted nbout their lower ends, and have a slight 
inclination to the vertical, sloping upwards in a direction contrary 
to that in which the material is to move. A small to-and-fro 
radial motion is given to these arms, which thereby first impart a 
slow forward and upward motion of about 1£ in/ to the trough, 
and then rapidly draw it dowrn and back again. As a result of this 
action, the material proceeds forward in a series of small jumps 
which are, however, almost imperceptible, the material appearing 
to flow uniformly along the trough. 

Long troughs should be divided at the centre and driven by 
cranks, arranged opposite to each other, so as to balance the 
apparatus and obviate unnecessary vibration. , 

The capacity of a jigging conveyor is obtained by multiplying 
the crpss -sectional area of the trough by the speed in feet per 
minute. The speed of travel varies from 60 to 120 ft. per min. 
The power required to drive a jigger conveyor varies with different 
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types between wide limits, but is usually between 1/10 and 1/00 
h.p. per foot- ton-hour. , 

A jigger conveyor has fe\\% moving parts, and all are simple and 
readily accessible. If necessary such a conveyor can bo used as a 
screen, or as a drainer, though not- so satisfactorily as some other 
types of screen. • 

Sprocket-chain Conveyors have two parallel chains in place of 



* 

It, Dfmpdrr Son*, ///'/*, Klhtnd. 
Fig. 60 . -^Scraper conveyor. 


a belt, these chains carrying a series of trays or buckets. Such a 
conveyor (see Fig. 61) is chiefly used for inclines greater than can be 
handled with an ordinary belt conveyor. . 

Scraper or Drag-plate Conveyors (Fig. 60) consist of a fixed 
wooden or metal trough, above which runs an endless chajp, to 
which are attached wooden or metal plates somewhat smaller than 
the cross section of the trough. The number of these plates or 
VOB. 1 Z 



338 DRAG-PLATE CONVEYORS 

• * 

scrapers depends on the desired capacity of the conveyor, and on 
the ease with which the material can be scraped along the trough ; 
for sand they are usually about 2 ft. apart. 

On setting the conveyor in motion, the plates are moved forward, 
dragging with them any material which may have been placed in 
the trough, and carrying ifr to the end. The plates then pass over 
the end-pulley and so back to the beginning of the trough, when 
they again draw the material forward. By providing suitable 
openings in the bottom of the trough, the material may be dis- 
charged at any point ; otherwise it will be discharged at the end 
of the trough. 

The disadvantage of this form of conveyor lies in the tendency 
of the plate to become jammed and to stick fast if the material is 
wet ; otherwise it is a useful and very practical appliance for 
moving coarse sand and gravel. There is much friction on the 
inside of the trough as the material passes along it, with the result 
that not only is a considerable aftiount of power absorbed, but 
there is much wear and tear of the trough, and a great tendency to 
contaminate the sand with, the material of which the trough is 
composed. 

Drag-plate conveyors are chiefly used for very steep inclines 
where an ordinary plain belt would fail to carry the materials. 
They are not suitable for wet materials, as the adhesion of the 
latter causes an excessive consumption of power. 

Table LX VII. shows the capacity cjf conveyors of this type. 


Table LX VI I. • Capacities, Steeds, a^l> Dimensions of Drag-plate 
Conveyors. (C. Mitchell.) * # 


Width in Inches. 

0. 

12. 

15. 

18. 

21. 

24. 

Capacity tons per hour 
of material 50 lb. per 
cu. ft. . . .c 

8 

11 

16 

20 

30 

40 

End chain wheels 

15} 

15} 

10| 

19} 

24 

24 

Trough channels (in.) . 

5x2$ 

5x2$ 

6x3 

6x3 

8x3} 

9x3} 

Speed (ft. per min.) . 

80 

75 

75 

70 

70 

70 


The capacity may also be calculated from the formula C= 

where C is tihe capacity in cu. ft. per min. ; a is the space in cu. ft. 
between two scrapers ; v is the speed in ft. per min. ; d is the 
distance apart of scrapers in ft., and e is a filling coefficient, dependent 
upon how much of the space between the scrapers is actually 
occupied by the material. It varies from 0-4 to 0*8. 

Tne plates in scraper or drag-plate conveyors move at speeds 
varying from 60-120 ft. per min. 
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Bucket Elevators.— For raising sand from one level to another 
in eases where a belt conveyer cannot be used, a bucket elevator 
(Fig. 61) is of great value, it usually consists of a number of 
buckets placed at regular intervafs along, a band, or between two 
parallel endless chains, which run over # 
puirevs placed at the head and foot of 
the elevator. The band juay be of 

cotton, rubber, leather^ or hemp ; when J ■ 

chains are used they may be of the _ ) 

Ewart detachable type made of mal- 

leable iron. The pulleys for the leather 

and similar belts are of the usual rfi" v 

crowned type, special sprocket wheels 

being used for the eliaiiLS. Owing to if If j N \*j 

the high cost, leather belts are seldom MR ^ 

used. v • s f to IF 

The buckets may be of pressed steel [ | 

or iron. When coarse materials are (j ]|j j 

being conveyed, holes are made in the* r~V | — \ 

buckets for draining purposes. The B hK"V 

shap of the buckets depends entirely \ \ J | 
on the kind of material to be elevated Xg r^\ 

and in the slope of the elevator. It is a 

very important that a well-designed* { I | | 

type of bucket should be u*?d ; very 1 J. 

small buckets tend to s])ill the material . r --*| LVy 

as they pass .over the top pulley, and \ •) |J[ 

so decrease the output of the elevator | | 

and clog the mechanism by which it is . - j 
moved. * > 5 

The material should be fed into the 
buckets as they rise from tho boot, or i 

bottom casing of the elevator ; it should ' 
not l)e delivered into the boot itself, , lm r> 

but should lie supplied about 2 ft. ~ 1 f 

above it, as much power is wasted if ~j t || Jr-* 

the buckets are filled by ploughing tj X/J-' / C 

through the material placed at the? ^ , 

lower end of the elevator. The efficiency X 

of a bucket elevator depends on a con- X (( ^/ VV 

stant and regular feed, so that it is 

preferable whenever possible to employ Fm. 61.— Bucket elevator, 

an auto-feeder. 


Fin. 61. — Bucket elevator. 


The discharge takes place beyond the head of the elevator 
and should be so arranged that the material from one bucket 
falls clear of the preceding bucket. In some vertical elevators 
the carrying chains are placed at the sides of the buckets, and, 
after passing round the larger head sprockets, are bent back 
by smaljer snub sprockets to ensure a clean delivery. This, is 
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avoided if the conveyor is steeply inclined instead of being quite 
vertical. * 

Continuous bucket elevators are f so arranged that there is no 
intervening space between the buckets, the back of one bucket 
forming a chute for the delivery of the material in the following 
bucket.. This type of elevator has the further advantages th^fthe 
material^ may be fed in at various points and not only at the foot, 
and also* thatjjreakage of the material is greatly minimised. The 
bucket flights^re generally supported by flat bars which run upon 
renewable steel or cast-iron wearing strips. ® 

Elevators should be enclosed in a wooden or sheet-iron casing, 
doors being fitted for inspection purposes. The foot or boot should 
be fitted with screws to take up the belt or chains when they become 
slack. 

The capacity of elevators is given by : * 


tons per hour 


'VxexCxw) 
* 37 3cL ’ 


• 

where V = speed in ft. per min., C = capacity in cu. ft. of one 
bucket, w = weight per 1 cu. ft. of material, distance apart of 
buckets, and e is a constant depending upon the filling capacity of 
the bucket ; it varies from 0-5-0-75. Hence the amount of 
material delivered by a bucket elevator is usually 50-80 per cent of 
the theoretical output calcutoted on the capacity of the buckets. 

In common with most conveyors, the speed of the elevators 
depends upon the material. An average speed for coal is 90 ft. 
per min., for ore afld similar materials 90-120 ft. per min., for clay 
200 ft. per min. 

The power required may be, taken as follows : 


H.P. 


15 WH 

10,000 ’ 


when W ~ tons per hour elevated and H =the height to which the 
material is to be lifted, but double this power should usually be* 
provided. 

Elevators may be driven through belts, chains, spur- or chain- 
gearing, the drive being arranged at the head of the elevator. 
Where belt- or chain-drives are employed, they should be of less 
strength than the elevator chains, so that in the event of a breakage, 
due to overload or other causes, the driving chain would fail first 
and thus s^ve the elevator chain — the advantages being obvious. 

Road Traction, whether by horse and cart or by the more 
modem traction engine or motor van, is usually cheaper for local 
^ deliveries than the railway. The most convenient tyj>e of cart is 
an ordinary tip-cart of about 2 cu. yds. capacity, but if the district 
is vory hilly a smaller cart containing only 1 J cu. yds. may be more 
convenient. Horses and carts are not economical for distances 
above three miles ; motor lorries are economical up to about 40 miles ; 
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above this cfiatAice the railway is cheaper, though if there is a 
moderately long distance between the railway and the site to which 
the material has to be delivered, it may be* cheaper to send it 
throughout the whole distance by snotor. ( 

Traction engines and motor lorries aref much more suitable than 
horse wagons for sand pits, stone quarried, etc. The roads must be 
suitable, however, and kept in good condition, or the )vear and 
tear on the machines is excessive. For loads over 10 /fcoitrt; steam 
wagons are generally more economical than those tfKh oil engines. 
A motor wagon driven by producer gas apjK*ars to offer several 
advantages. Oil-driven motor lorries are unsuitable for weights 
over 6 tons, owing to the wear and tear on the wheels and engine. 
They are preferably built of steel with riveted spokes. 

The driver should be a skilled motor mechanic, capable of telling 
from the beat of his 4 cngine whether anything is the matter, and if 
so, of repairing it at once. This maans higher wages than are paid 
to horse drivers, but the increased output of the motor compared 
with that of a horse and cart will compensate largely for this. It 
is strongly to be recommended that all "motors and traction engines 
in regular work should not be used for more than five w'orking days, 
and should be thoroughly overhauled on the sixth day ; including 
such repairs as re-boring cylinders, re-tubing the boiler and other 
more extensive repairs, it is not safe to reckon on more than 240 
working days per year. , 

It is almost impossible at. the present time to institute a really 
reliable comparison of working costs and standing charges of horses 
and carts with other forms df traction, as sq much depends on 
local conditions. The question of depreciation also complicates 
the problem. It is probably correct to write off one-quarter of 
the cost of a motor wagon at the end of the first year, and at the 
end of each succeeding year to take off a quarter of w’hat is left ; 
thus a motor wagon costing £800 would depreciate to £600 at 
the end of the first year, to £450 at the end of two years, to £190 
at the end of five years, and after eight years’ use it would have 
f on the books only” one-tenth of its original cost. This method 
of calculating the depreciation is much safer and fairer all round 
than the more usual one of writing off 10 per cent of the original 
cost each year. In estimating the cost of motors and engines 
with a view to comparing the different types in use, errors of 
considerable magnitude often creep in, owing to the careless way 
in which repairs are not charged to the transport but to a general 
account for the whole works. The wisest course is to opep a separate 
bank account for the motor wagon or steam engine with its attendant 
trailers, to pay all expenses in connection with them out of this 
account, and to place to its credit all sums received for the delivery 
of the material. 

In consequence of the expenses of repairs, many firms* now 
sub-let all their carting to engineering or other firms, at a rate 
depending on # the load and the distance, and in this way save 
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themselves the worry and responsibility of repairs And depreciation. 
For establishments of moderate size this plan is to be commended. 

It is generally found that for journeys of 20 miles or more 
a load of 4 tons on vi motor is tmore economical than the use of 
horses and carts. For shorter journeys, the load multiplied by 
the journey must not beMess than 60, so that the critical point 
is 5 tons for 12 miles, 6 tons for 10 miles, and so on, though*with 
improved* .construction this may be induced. For a number of 
journeys in q*ick succession and on good roads, a 6-ton lorry 
when fully loaded should be able to make at le<y?t ‘four journeys 
of five miles each in a day, but much depends on the facility with 
which it is loaded and unloaded. The use of additional bodies, 
which can be lifted on and off the chassis by means of a crane, 
greatly facilitates loading. Special care is required to ensure a 
minimum amount of time being spent in loading and unloading, 
as during this time the driver’s plages and the interest and deprecia- 
tion charges on the lorry are earning nothing. 

As regards the size and typo of motor, it may be taken roughly 
that loads under 5 tons are most economically carried on the motor 
itself, but larger loads are best distributed between the motor and 
a trailer. The relative advantages of oil (petrol or paraffin) over 
steam are most marked in the smaller loads (10 tons and under), 
and are chiefly due to economy of power-production per ton-mile, 
to the rapidity of starting, and to the smaller cost of attendance. 
For larger engines, the cost* of petrql is too great for economy, 
but if an engine burning heavy oil could be constructed, or producer 
gas could be used, the adoption of thfc heavier type of motor wagon 
would make progress. '* 

Water carriage is deservedly popular where it is feasible, as 
it is cheap. The chief disadvantages of this means of transport 
are the low level at which the material must necessarily be delivered 
and the slowness of the transit. 

Railways form the chief means of transport over long distances, 
and for economical ‘working it is, therefore, advisable to have a 
siding in the yard whenever possible. Miniature railways are a 
feature of some sand pits and quarries, the locomotives being driven 
by steam, oil, or electricity, according to local conditions. With 
the rapid increase in the general use of petrol motors, their applica- 
tion in the quarry is only a matter of time. They are excellent 
for loads ujf*to about 5 tons, but for greater loads small steam- 
driven locomotives or electric motors are usually cheaper in use, 
though not in the first cost. When the delays connected with 
arranging l&rge numbers of wagons into trains and redistributing 
them are considered, it is often found that several smaller motors 
driven by youths will move the material more rapidly, more 
conveniently, and at less cost than a locomotive. 
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Mechanical Equipment in Sand-Pits and Quarries 

At the present time, both haEd labour and mechanical appliances 
are so dear that many owners of sand pit-tj or quarries are in a 
quandary as to what course to pursue . J Energetic and persuasive 
travellers representing firms who manufacture labour-saving appli- 
ances are naturally more interested in the sale of these devices than 
in the precise amouift of saving to be effected byt^-ptfr chaser. 
On the other hand, there is no one to send out tflfvellers to put 
forward the Vane for the employment of hand labour, and con- 
sequently its merits are apt to be overlooked. It is, in fact, of the 
greatest importance when considering labour-saving machinery to 
ascertain exactly what economy will follow. No two eases are the 
same, and in every instance where mechanical plant is contemplated, 
local circumstances* may affect the case one way or the other. 
Wages are about double the pre-wav figure mid the hours are reduced 
by about 1 1 - per cent. Machinery costs 150 per cent more than 
it did in 1914, repairs and spare parts have risen in proportion, 
while with financial conditions as they are at the moment, it is 
not always possible for a firm to meet a new heavy capital expendi- 
ture. Even where the additional capital is available, it does not 
always pay to invest it in mechanical appliances. Thus it would 
not pay to purchase a steam navvy to dig and load 20,000 tons 
of sand, but for a much larger quantity — say 150,000 tons in ten 
years — a steam navvy (including full repayment of capital and 
repairs) costs less than half the amount which would have to be 
paid for hand labour. * , 

One advantage of mechanical handling lies in the less extent 
to which manual labour has to be relied on, the lesser dislocation 
which follows on strikes, and on* the greater contentment of the 
few men employed, as the higher wages earned place them in a 
more comfortable position. On the other hand, machinery is 
not necessarily more reliable than hand labour, and it is particularly 
harassing to find that the whole of the works may be seriously 
disturbed by the sudden breakdown of some more or less trivial 
detail in the mechanical part of the plant. 

The principal considerations which each manager should apply 
when considering replacing hand labour may be briefly enumerated 
as follows : , 

(а) Can the cost of working be curtailed, and if so, what will 
be the annual saving ? 

(б) Will better working result, or greater output follow the 
introduction of machinery ? If a greater output is obtained from 
the plant already in use, what will be the effect in wear and tear ? 

(c) Is the saving effected by (a) and (b) likely to be sufficient 

for meeting the standing charges for repayment of capital at 
5 per cent interest, and also for depreciation and repairs ? * 

(d) Will efficiency be sacrificed in order to effect an apparent 
economy ? 
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(e) Will the reduction pi labour relieve the management of any 
anxieties not actually measurable in money ? 

Considerations of eapital charges ate perhaps the most importanl 
matter to be settled replacing* hand labour by machinery. Ir 
other words, what capital outlay is permissible in order to save 
the wages of a single workman ? In the majority of cases the 
men displaced will be ordinary labourers paid at the lowest rates 
for meclfa;,^al labour-saving machinery seldom does the work ol 
a skilled craftsman paid at the special rates ruling for his trade 
Moreover, the attention demanded by machinery ’Involves the 
introduction of skilled labour to operate and repair it. Including 
outgoings in the way of tools, National Insurance, holiday pay 
and in some few cases profit-sharing or other forms of bonus 
the expenditure per labourer per annum amounts to approximately 
£20(). The annual charges on the capital cost? of new machinery, 
including interest, wear and tc^r, depreciation, or the writing off 
of capital, amount to a total of 20 per cent per annum. Now the 
£200 which is equivalent of a labourer’s total cost, represents the 
interest at 20 per cent on an outlay of £1000, so that it may be 
assumed as a general statement that if the work is continuous 
for five years or more, the capital outlay permissible on mechanical 
plant may be reckoned at £1000 per man displaced by it. This 
figure indicates that in cases where a permanent reduction of ten 
men or more can bo foreseep, comparatively large schemes may 
be undertaken. It is the smaller schemes, in fact, which demand 
the most thorough scrutiny, for with them the delays due to 
machinery not wording properly an? the most serious. In con- 
sidering the figure £1000, the cost of fuel or driving powtr, lubrica- 
tion and attention to the machinery must not be overlooked. 
Assuming that these cost only >2s. per week, it would reduce the 
permissible outlay to £1)00. In most cases a much more elaborate 
calculation is necessary, as the whole of the costs of working the 
machine and the capital charges must be ascertained ; an allowance 
for times when the machine is out of order, and for when there 
is no work for it, must be added (for no saving can be made by 
trying to put a machine on “ short time ” like a labourer), and from 
the figure so obtained a fairly accurate comparison may usually 
be made. 

The best method of calculating the capital charges is to decide 
now many years the machine may be expected to work at full 
speed, without an excessive charge for repairs (ten years is usually 
a maximum and then to inquire of an insurance company, what 
would be their charge for an endowment policy for the cost of 
the machine, the policy to be payable in the given number of years. 
The annual charge required by the insurance company may be 
taken as the sum which would be charged to the machine to cover 
interest on capital, repayment of capital, and depreciation — in 
short, the capital charges. 

There are of course many operations which cannot be effected 
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so cheaply mechanically as by hand labour, but the wise manager 
always should realise that a simple machine of any automatic 
character, which is reliable in its action and is kept constantly 
at work, will be cheaper and more dependable than a man, if the 
machine cost £850 for each man it displaced. Hence, if a machine 
costing £2500 is contemplated, it must actually, at that particular 
worts and under conditions then prevailing, displace at h ast three 
men if it is to be of direct? financial benefit. If a m an required 
to work the machine, then at least four men amKprobably five 
should be did|)lfu:ed liefore the machine is profitable. 

It is most important to observe that it is the average performance 
of a machine at the purchaser’s works which defines its value to 
him. Thus, a steam navvy may have an output of 15 tons per 
hour, or 720 tons per week, but if it is only required to move 100 tons 
per week, it will n<ft pay to use it in most works where labour is 
available. A similar argument applies to many other labour- 
saving devices ; they are onfy profitable when fully employed 
for at least 80 per cent of the working week, during a period of 
eight to ten years. Where a mechanical handling device is operating 
at less than 80 per cent of its rated output, it will only justify its 
installation in circumstances which cannot be justifiably termed 
“ usual ” ones. For this reason, whilst quarry managers and others 
should always retain an open mind with regard to the use of 
machinery, they should also remember that there arc many condi- 
tions in which human labour is cheaper, especially where the work 
is of an intermittent or irregular character, as men can be put 
to other work, placed on shdrt time, or evcn # “ suspended,” but a 
machine, (trice it has been purchased, involves the same capital 
charges when it is idle as when it is fully at work. 



CHAPTER VIII 

CRUSHING SAND-ROCKS AND GRINDING SAND 

After the material has been quarried and transported to the plant, 
it is treated in various ways in order to prepare it for the particular 
purposes for which it is to be used. • The nature and extent of this 
treatment depends largely on the original materials and the use 
which is to be made of the s^nd. 

The various treatments which may be necessary— one or more 
of them being used as required— may be summarised as follows : 

1. Crushing and grinding. 

2. Purification. 

3. Drying. 

4. Screening. 

All these treatments are seldom ntcessary for any one material, 
nor need they be carried out in the order shown above. Thus, 
whilst crushing or grinding is generally necessary for materials 
which occur in large pieces, loose, incoherent sands do not, of 
course, require this treatment. Only certain sands require to be 
purified ; most sands are used for such purposes that they are 
quite satisfactory without any purification. Again, only those 
sands which have been dredged or recovered from below water, or 
those which have been washed, will require to be dried, and for 
many of these no special drying process is needed so long as the 
surplus water is allowed to drain away. Screening is necessary in 
the case of most sands and is seldom omitted. 

Crushing 

Where a sand is to be obtained from large pieces of quartzite, 
sandstone, ganister or silica rock, it is necessary to crush the 
material in order to reduce it to the requisite fineness. This reduc- 
tion of rock is usually divided into two types of operation : (a) 
crushing the material to pieces J-l in. in diameter, and (b) grinding 
the crashed pieces to the desired size. This subdivision is rendered 
necessary by the fact that most fine -grinding mills would be rapidly 
damaged if fed with coarse material, and apart from this, the 
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output would be low and the grinding costly. By effecting the 
grinding in two stages a maximum outpi/t with a minimum amount 
of wear and tear is obtained* t 

The coarse crushing of massive sandstones and silica rocks is 
difficult and costly on account of their great hardness, which causes 
wear and tear on the machines, and necessitates the use very 
strtfng and durable crushers and the expenditure of a considerable 
amount of power, s<% that^both skill and ingenuity aw ^ ' ^uired to 
crush such rocks to a suitable size as economical ly^w^ossible. 

Soft andtportially dc*composed sandstones may be of all degrees 
of hardness less than that of the grains of quartz of which they are 
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composed ; such sandstones are reduced much more easily than the 
harder quartzites and at a smaller cost, so that they present less 
difficulty. 

The principal machines used for crushing sand rocks are stone- 
breakers, gyratory crushers, and disintegrators. ’Stamps were 
formerly used, and art* still employed in some localities for brittle 
rocks ; though their action is that of grinding rather than crushing, 
because it has been found that they seldom work ecbnomically on 
pieces larger than 4-in. diameter, they are now more largely used 
to produce a moderately fine powder than as preliminary crushers. 
For this reason, they are described in the section on Grinding. 

Stone-breakers or Jaw-crushers consist essentially of tyo jaws 
composed of hard steel, one fixed and the other movable. A 
typical jaw-crusher is shown in Fig. 62. By means of two powerful 
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lywheels, one on either side of the machine, connected by 
gearing to the movable ja\\, the latter may be made to appr toggle] 
o recede from the figged jaw, thus crushing any lumps of u ac ^ or 
>laced between them. 4 On account of the excessive wear arterial} 
kq the jaw-plates in tlfc oitlinary crusher, these latter are so'j tear! 
hat t|my can bo removedVhen worn and replaced by new'w^ej 
is the io^r ends of the jaws have the greater part of the woA^I 
Jo they much more quickly than ttfe upper parts, so that t tol 
jaw-plates sfib^ld be made so as to be readily taken out aLW 
reversed. The jaw-faces and check-plates are of chilled cast ironu 
or preferably of manganese steel backed with a white alloy. The^ 
toggles and cushions should be of hardened steel, as they are called 
upon to resist heavy stresses. 

Numerous attempts have been made to design a jaw-crusher 
without toggles, but for really hard work, and the consequent 
severe strains on the machine, t^ose crushers in which toggles are 
embodied have more than held their f own. In one type of machine 
the swinging jaw has arms at the back supporting a roller against 
which bears a removable cam .secured to the driving shaft. 

It has been found that by making the face of the movable jaw 
a segment of a circle instead of flat, a finer product is obtained 
because the material is subjected to a squeezing or rolling action in 
addition to the simple crushing. 

It is often an advantage to have two sets of ribs on the faces’ of 
the jaws ; one set of ribs projects out further than the others near 
the top of the jaws, and so applies the pressure earlier than when 
all the ribs are of the same size throughout. The result is crushed 
stone of more uniform size. Stone-crushers having this arrange- 
ment are sometimes known as granulators . In some crushers the 
movable jaw is given a joggling cas well as a to-and-fro motion ; 
this draws the material more effectively between the jaws and 
reduces the slipping to a minimum. In one very simple design 
of jaw-crusher the power is transmitted from the crank-shaft to 
the oscillating jaw through a lever and through a roller mounted 
between the lever and the jaw. The jaw has a concave face at the 
back upon which the roller moves without any need of lubrication. 
It is claimed that this method of driving has a greater efficiency 
and requires less driving power than the ordinary jaw-crusher, 
whilst the wear is reduced to a minimum on account of the smaller 
number of bearings and the smaller pressure upon each. 

Some American users prefer to have one swinging jaw and one 
toothed roll in their crushers, and maintain that this arrangement is 
oheaper in pdwer, The author has never been able to make an 
acourate comparison of the merits of these two types. 

The size of the stone-breakers varies greatly according to the 
output required, Hadfields, Ltd., of Sheffield have built machines 
with openings up to 4 ft. 6 in. long and 3 ft. wide, which will take 
pieces of stone’ weighing as much as 1 $ tons and produce about 150 
tons of crushed stone per hour, but for most quarries a crusher 
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which will deal With pieces about 12 in. x 12 in. x 12 in. is sufficiently 
large. No crushers are remunerative unless kept fully employed, 
ana the. number of works •v.hich can keep. a very large crusher 
continually in use is very small. • I 

The power required by jaw-crushers skown in Table LX VIII. 

Table LX VIII.— Pc 



I Upper Opening between Jaws 
(Ip i no lies). 

j * — • 

i Output (in cubic feet) 

Horsepower required 


Stone -breakers with cam and roller action require rather less 
power than the ordinary type $or the same size of machine. 

It is most important that a sufficient provision should be made 
in the power supplied, in order to 9 How for the great strains to 
which the machines are subjected when large pieces of material are 
fed into the crushers. The figures given above are more than is 
required for ordinary working, but less power should not tie pro- 
vided, otherwise a man may have to be employed for crushing large 
pieces of stone, so as not to damage the machine. Too little power 
may also cause a sudden Jireakdovfa which would be much more 
expensive in the long run than the provision of greater power for 
driving the machine. * 

The jaV usually moves from J4 in. and the flywheel usually 
makes 250-300 revs, per min., the number of oscillations of the 
movable jaw being from 250-300 per min. An excessively high 
speed is undesirable owing to the bearings of the breaker becoming 
too hot and causing a great deal of wear and tear. Some of the 
small Sturtevant stone-breakers (8 in. x 12 in.) are run at speed* 
varying from 170 revs, per min., whilst the larger breakeri 
(18 in. x 30 in.) run at 130 revs, per min. 

The size of the crushed material delivered by a jaw-crushei 
depends on the space between the lower ends of the jaws ; thii 
may usually be varied l>etw r een fairly wide limits. It is import&n 
to adjust the lower opening between the jaws so as to suit tb 
material ; if the jaws are set too closely together they will produo 
too much powder and will w r aste a large amount of power, Th 
pieces of crushed stone usually vary from about 6 in. diamete 
down to about \ in. diameter. For crushing below $ in. diamete] 
stone-breakers and other coarse crushers are not economical 0 
account of the power required. It is preferable, where fine materii 
is required, to crush down to about 1 J in. in a coarse crusher, sue 
as a stone-breaker, and then to reduce the material further in 
fine grinding machine. It is also important to avoid crushing lar| 
pieces of stone too much in one machine, as much less power 
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used if the largest pieces are reduced to a medium 4uze (3-4 in.) in 
one crusher, and then to\i smaller size in a second jaw-crusher. 
Thus, blocks 18 in. on more in diameter may be reduced to about 
10 in. in the first crushlr ; these smaller blocks may then be reduced 
to 4 J in. in a second criMell the product from which is then reduced 
to sa^lin. material in a third crusher. # * 

A cmllklcrable saving in the amount of power required may also 
be effectJy^y passing the stones over a Screen or grid before they 
enter the cru™»; this separates the smaller pieces which do not 
need crushing, or by using two screens the pieces t<w> large for the 
medium crusher may also be separated and either broken by a 
sledge hammer or sent to a larger crusher. 

The output of jaw-crushers is a little less per horse-power than 
the output of gyratory crushers, when the size and hardness of the 
material are equal in both cases and they are reduced to the same 
degree. , 

Gyratory Crushers have crushing' surfaces in the form of two 
cones, one inside the other, the outer one being inverted. The 
stone to be crushed is dropped between the two cones whilst the 
inner cone is rotated rapidly with a slight eccentric motion. The 
rock is crushed between the two cones, the crushed material falling 
through the annular space between them, on to a chute which 
brings it to an outlet at one side of the machine. 

Eig. 63 shows a gyratory crusher made by Hadfields, Ltd. ; the 
lower portion, base plate and oblique diaphragm arc made of cast 
iron and the upper portion of cast steel ; the cones art' faced with 
manganese steel. The inner cone is mounted on a hollow shaft 
which gyrates in an anti-friction metal bearing, the upward thrust 
being carried by a bronze ball at the top of the shaft. The eccentric 
motion of the inner cone is produced by means of a crown and 
pinion gearing and an eccentric bearing. Small adjustments in 
the size of the product are made by raising or lowering the inner 
cone by means of a worm and worm wheel, thus varying the size 
of the opening between 'the inner and the outer cones, but it is best 
to have the machine designed for a definite product and to confine 
the adjustments to making good any variations in the size, due to 
wear and tear. Duplicate parts should always be kept in stock. 

In a gyratory crusher the greatest strength is required in the 
main shaft carrying the inner cone ; this shaft should be of ample 
diameter and not too long. 

The output of a gyratory crusher depends on its size, the size 
of the pieces put into it, the size of the finished product, and the 
nature of the ' material. As a rule, about 1 ton of 8-in. material 
may be made to pass through a ring 2| in. diameter for each 1 h.p. 
used in driving the machine. Machines with outputs of 200 tons 
per hour can be run even more economically, only about J h.p. 
being required per ton of product. This is rather greater than the 
output of a jaw-crusher. Very large machines are, however, un- 
desirable ; where a large output is required, it is preferable to 

o 
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employ a qunityr of machines each crushing about 50 tons per 
hour, rather than one large one, so that if <*mc machine breaks down, 
the whole plant is not held up, thereby. * 

It is most important to the economical waking of the machine 
that the lubrication should be satisfuetonr. Automatic lubrication 
is preferable, and is much more reliable flian trusting to the men in 
chaise to supply t the lubrication at suitable intervals. 


i 



I lad field*, Ltd., SheffvUL 
Fio. 63. — Gyratory crusher. 

• 

From its appearance, a gyratory crusher might be thought to 
be a grinding machine, but this is not the case. The to-and-fro 
motion of the disc exerts a true crushing action ; the product from 
the machine is largely cubical and free from flat pieces. 

Gyratory crushers, like jaw-crushers, are preliminary breakers 
and are not suitable for reducing stone to powder or even to “ peas.” 
The largest crushers should not be expected to produce pieces less 
than 4 in. diameter, although there will always be a small ]?brtion 
(up to 15 per cent) less than this size. The smaller crushers will 
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satisfactorily reduce rocks to pieces \ i if. in diameter with about 2( 
per cent of material belotf the size. * 

Gyratory crushers havfe many advantages, but they are subject 
to the following drawbacks : # 

(1) The working parts^of a gyratory crusher are not so readily 
accessible as those of ja\-crushers, as they are enclosed in the 
casin^^the crusher, whereas a jaw-crusher is quite open, • For 
this req^yta, repairs are less easily effected jn the gyratory type, 
the machineS<^ing to be taken to pieces each time a repair is made. 

(2) Renewals and repairs to gyratory crushers are nif>re expensive 
than to jaw-crushers on account of the greater "cost and mote 
intricate shape of the wearing parts. 

Disintegrators are of three types : 

(i.) Those which consist of a rotary shaft fitted with a series 
of fixed or loose hammers in a strong casing* and, by delivering 
a rapid succession of blows on to the material (which rests on a 
curved grating), disintegrate it 'into small pieces which fall to the 
bottom of the casing and may be collected through a discharge 
opening in the base. 

(ii.) Those which consist of two “ cages,” one or both of which 
revolve and so effect a disintegration of the material. 

(iii.) Those which consist of beaters revolving in one direction 
surrounded by a cage which revolves in the opposite direction. 

Bar disintegrators crush the material by the centrifugal force 
applied by rapidly rotating bars which are fitted to a shaft having 
a speed up to 3000 revs, per min. These machines may be used 
for a long time without need of repair, as they are very simply 
and strongly made. *The beaters should be easily replaced if broken, 
otherwise the cost of repairs may be serious. They should be 
loosely attached to the axle so as to stand straight out by centrifugal 
action in the ordinary course of grinding, but to fall back when 
a particularly hard piece is encountered, as, otherwise, the machine 
may be damaged. This method is employed in the Mansfield 
Disintegrator (Fig. 64) made by F. Mansfield & Co., Liverpool, 
and in a similar machine made by the Sturtevant Engineering 
Co., Ltd. Both these machines are capable of crushing down to 
10 mesh, and require about 5-10 horse-power per ton of material 
reduced to this size per hour. The hammers rotate at 1000-1500 
revs, per min. 

Usually the hammer bars are quite straight and tangential 
to the axis of rotation, but in the “ Rapp Revivifier ” disintegrator 
(Figs. 65 and 66) made by the Link-Belt Co., Chicago, 111., U.S.A., 
the bars are* fixed at an angle (like the blades in a pug-mill) so as 
to throw the material from each side to the centre of the machine 
where a curtain of round bars is placed. The purpose of this 
arrangement is to increase the mixing power of the machine and 
produce as homogeneous a mixture as possible. As a further 
precaution and to prevent the clogging of the bars, the casing and 
suspended rods are mechanically jolted ten times per minute by 
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means of a cam Which raises the casing and then allows it to drop 
on to a wooden buffer. This machine ia particularly suitable for 



treating old moulding sand and also as a combined mixer and 
crusher. # * 

In the Lightning Crusher made by the Lightning Crusher and 
Pulveriser Co., Ltd., 14a Rosebery Avenue, Ixmdon, E.0.1, the 
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Link BtU, Co., Chicagq, V.S.A. 
Fig. 65. — Rapp revlvifier. 


rotating shaft carries two discs to the periphery of which are attqphed 
four goal-shaped hammer bars. The makers claim that this 
arrangement renders clogging almost impossible, and that foreign 
AtOttJ 2 a 
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material, such as iron bolts, etc., accidentally introduced with thi 
feed has no injurious effect. 

A bar disintegrator will crush thPee times as much stone as i 
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Link Belt Co., Chicago, U.S.A. 

Km. 00. - Rapp revivifior. 

jaw-crusher of equal size, qiul yet will require rather less thai 
1 h.p. per ton of crushed material. 



, BiekU Engineering Co., Ltd., Plymouth. 

Fio. 67. — Cage disintegrator. 

(fage Disintegrators consist of two or more concentric cage 
(Fig. 67) constructed of steel bars arranged to form slotted drums 
The first and third of these cages rotate in one direction and th 
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second and fourth in the opposite direction. The material is fed 
through a hopper into the centre of the innenmost cage, and as 
the cages revolve the pieces stone are struck by the bars of the 
cages and art 1 broken ; they then pass between the bars into the 
next cage, which revolves in the opposite direction, and the bars 
in *this strike the fragments with double force ; this opcnvtfon is 
repeated by the .bars of the remaining cages. The sjhhm! of revolu- 
tion is very high (somctinifa as much as 3000 revs. nnMWlh.), and 
in order to avoid harmful vibration the maehinf ‘must bo kept 
well balances. , 

A combined bar and cage disintegrator consists of an outer 
revolving cage type, with beaters or hammer bars inside to secure 



r. H. V. Hull, sheJMH. 

Flu. UH. * -Bar and cage diwintogrator. 

the rapid disintegration of the rock. This type of machine (Fig. 08) 
is made by C. E. V. Hall, Sheffield. 

Disintegrators work most satisfactorily when supplied with 
pieces 3 in. or less diameter. They will crush economically to 
pieces in. diameter, but below this size they are wasteful in 
power ; for further reduction a fine grinding machinfc is therefore 
necessary, unless the material to be crushed is of such a nature 
that it falls to powder on heating ; some sandstones, are ot this 
nature and, after calcination, can be rapidly and cheaply reduced 
to powder in a disintegrator. • 

Disintegrators are also useful for crushing damp materials 
which would be “ sticky ’* and troublesome in other types of 
crusher. They sometimes effect a partial drying of the material, 
as the rapidly rotating mechanism draws a large volume of air 
through the machine, after the manner of a ventilating fan. 



866 CRUSHING ROLLS 

As all disintegrators produce a great volume ^of dust, owing 
to the rapid motion of thB air passed through them, it is usually 
necessary to discharge the product *ihto a chamber, one wall (or 
the roof) of which is^made of caiivas or similar material, through 
which the air, but not*the* ground material, can pass. This canvas 
will require beating at intervals to remove the adherent duBt, 
and it sfiould be at some distance from the discharge outlet of the 
machine^" or ,ihe force with which the* material is delivered will 
rapidly cut it to*pieces. 

Crushing Rolls (Fig. 69) are sometimes employed afi preliminary 



J. Whitehead <k Co., IM., PretUm 

Fig. 09. — Crushing rolls. 

crushers for reducing rock to small pieces which can afterwards 
be conveniently dealt with in other grinding machines: These 
rolls consist # essentially of a pair of strong cylinders or rollers, 
which are placed side by side, so that when the material is fed on 
bo them the rotation of the rolls forces the material downwards 
and reduoes it to a size comparable to the distance between them* 
The rolls aro usually driven by a simple gearing through a belt 
or dutch, but fast-running rofls are sometimes driven direct by 
two belts, each on a separate pulley, attached to each roll. 

Clashing rolls must be very strongly built, in order to with- 
stand the sudden strains to which they are often subjected in use. 
They should therefore be mounted in such a manner as to with- 
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stand very sudden and severe shocks, and should be provided with 
safety clutches or some other device t(\ prevent accident in case 
a bolt or other article of exceptional hardness. enters the machine. 

Powerful springs, which are •compressed when an abnormally 
hard piece of material enters between* thfc rolls, are sometimes 
used, but are not really satisfactory,* as they usually yiold too 
readily and produce too coarse a product. They are better replaced 
by safety clutches fitted dith a pin which breaks wherrtf danger 
point is reached. Rubber buffers have been used to take up the 
strains, but tfhey are unsatisfactory and should not l>e employed. 

The shafts carrying the rolls are also subjected to very great 
stresses and should be made of the best quality axle steel. They 
should be of ample diameter, so as to bo sufficiently strong, and they 
should be properly balanced, or accidents may occur when they 
are driven at high speeds. It is also necessary that they should 
be mounted in long bearings lined with phosphor-bronze bushes, 
as white metal wears too quickly in this class of machine unless 
it has a very large proportion of tin present. 

The bearings should be kept in good condition, or the distance 
between the rolls may vary as they revolve, thus giving a product 
of irregular size. 

The flywheel should be of large size ; small ones are inefficient 
on account of their irregular working when large or hard pieces 
of material are supplied to the mill. 

All parts of the machine *must be properly lubricated, otherwise 
a great waste of power may occur and the bearings may require 
frequent renewal. • 9 

The sp^d of crushing rolls varies considerably. Toothed rolls 
may be driven at 200-250 ft. per min. (equivalent to 48-60 revs, 
per min. with 16-in. rolls), but smooth rolls are sqmetimes driven 
at 2J-3 times this speed, speeds up to 1000 ft. per min. being used. 
A good method of estimating the most suitable speed at which 
the crushing rolls should be driven is by the use of the following 
formula : * 

S = 1000 - 300 log 

where S represents the peripheral speed of the rolls in ft. per min., 
whilst d is the diameter of the pieces fed on to the rolls in inches. 

In some cases the two rolls in a pair are driveft at different 
speeds. This increases the crushing power and reduces the amount 
of slip. The difference in speed should not be excessive, or trouble 
will be caused by the rolls “ bumping ” and working irregularly. 
For low speeds one of the rolls may be driven by moans of a belt 
and pulley, whilst the other is driven from the first roll by means 
of cog-wheels. For high speeds, however, this is impossible, and 
the rolls must be driven separately by means of belts, as geared 
rolls cannot be driven at very high speeds without their efficiency 
being much lower than when they are driven separately. 
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The output of crushing rolls depencis on i/ncir size unu auap, the 
size of the material supplied to the rolls, and the size to which the 
material is to be crushed. If the *f)ace between the rolls were 
continuously filled with crushed* material, the output would be 
AS cu. ft. per min., bfit a\ this condition is never fulfilled a more 
correct formula is • 

... Output in cu. ft. per min. =AS (CM5/ -Cf* 15), 

where A is fhe area of the opening in square feet, 

S is the speed of the rolls in feet per miifut£, 

. Space between rolls (in inches) 

* Diameter of particles fed on to rolls (in inches)* 

The power required for crushing rolls is rather great, about 
3 h.p. being required for a pair of rolls 12 in. diameter and 10 in. 
wide. Rolls 21 in. in diameter require 9-12 h.p., whilst those 
32 in. in diameter require about 15-18 h.p. to drive them. 

Table LXIX. shows the output and power required for rolls 
crushing to grains about i in! in diameter. 

Tablk LXIX. -Data for Crushing Rolls 


Diameter. 

Length. 

Revolution* per 
Minute. 

• 

Horse-power 

required. 

I'wis. crushed 
per Hour. 

In. 

in. 

~ V 



10J 

Ku 

130 * 

3 

25 

12* 

10* 

no 


*1* 45 

16 

10* 

90 ; 

«* 

65 

21 

10* 

75 

9* 

100 

27 

< 11 

° 45 

12* 

145 

37 

12 

45 

16 

200 


Crushing rolls ate particularly useful for producing cubical 
pieces 2 -\ in. in diameter. With soft materials they tend to give 
flaky pieces, but hard rocks and sands break into angular fragments. 
Rolls should not, as a rule, l>e used for finer crushing, as they are 
then wasteful in power, though, apart from this, they may be 
employed for reducing stone to a coarse powder. 

On accourtt of the great wear and tear on the surface of the rolls, 
it is necessary that they should be made of a very hard metal 
such as chilled iron or manganese steel. In most cases a rim of 
such material is fitted to a core of softer metal, so that, when worn, 
the rim may lie renewed without the expense of obtaining an 
entirely new roll. In some crushing rolls supplied by Sutcliffe, 
Speakman & Co., Ltd., the rim is composed of several rings about 
4 in.*wide. As the centre of the rolls wears fastest, by using 
several rings instead of a single rim the worn part in the centre 
may be replaced by changing the position of the rings, so that 
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greater durability is obtained and the wear is kept uniform over 
the whole length of the rolls. 

The uniformity of the smi'aee of the rolls is specially important 
where the grinding is fine, as when the rolls iVe not properly eared 
for the size of the product is very irregular. 

* The rolls may be dressed, when requiVod, by means of a grinding 
wheel. A special attachment should preferably l>e used, so that 
the rotating grinding wlftel may be moved steadily across the 
surface of the roll without having to remove it from its bearings. 
This may bo dijne by using a long screw carrying the frame which 
supports the grinding wheel, the transverse movement of the latter 
being accomplished by slowly tinning the screw either by hand 
or by power. Fine emery or corundum wheels may lie used with 
very satisfactory .’e suits. 

When dressing roll, it is rotated slowly and the grinding 
wheel is started at one end and is set so as to remove a thin " skin ” 
at first. As the wheel reaches tile centre of the roll it will not 
grind, as the wheel is too hollow at that part, but it recommences 
grinding as soon as it has passed across the hollow. After reaching 
the other end of the roll the reversing of the screw enables the 
grinding wheel to remove a further quantity from the roll. This 
is continued until all the hollows and depressions have been removed 
and a true cylinder is produced. 

Edge-runner mills or pan mills consist of rolls of very large 
diameter but small widtl^ of crushing face, which crush the 
material contained on a pan or bed below the rolls. One roll or 
runner is sometimes used, but the machine is better balanced and 
a larger output is obtained if two rolls are fun ployed. The hori- 
zontal shaft carrying the rolls on the shaft may la* fixed and the pan 
or bed revolved, or the bed may be fixed and the rolls revolved. 
The latter (chaser mills) are the stronger and are' largely used for 
crushing lumps of rock and reducing them to powder ; mills with 
revolving pans are more economical in power and produce a better 
and more uniform powder if supplied with pieces of stone not 
exceeding 2-3 in. diameter. 

Pan mills of this type are particularly useful for grinding moist 
materials, and as they have a very powerful mixing action they are 
extensively used in* the sand-working industries. As they are 
chiefly used for fine grinding, they are more fully described later. 

Precautions In Crushing. — Whichever form of machine is 
employed for the preliminary crushing, it should be sufficient^ 
large to crush the largest pieces likely to be delivered to it. if 
many pieces have to be broken by hand the value of the machine 
is correspondingly reduced, yet many firms make tjie mistake of 
using too small a crusher for their purpose. Within reasonable 
limits, it is far cheaper to have an excessively large machine working 
well below its capacity but taking all the material fed into ^t than 
to have a smaller one working at full capacity but requiring 10 per 
cent of the material to be broken by hand because it is too large 
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to enter the machine. On the other hand, as the {larger machines 
require much more powe];, it is not economical to use a machine 
which will deal with pieces far larges than are likely to be supplied 
to it. If the pieces too large to be crushed by the machine do not 
exceed 3 or 4 per cent* of the whole output, it is usually cheaper to 
crush them by hand, or eVen to reject them, than to use a very 
large crusher. This is a matter which depends so much on focal 
conditions that no general rules are of nAxch Y&lue. 

It is also wasteful to overload a crusher, as this causes clogging 
and results in loss of time and a low output. It should therefore 
be avoided as much as possible by the use of a sufficiently large 
machine. Overloading may often be avoided by the use of a screen 
or grid which separates all the material which is of the size of the 
crushed product and so does not need to go through the crusher. 
A suitable automatic feeding device is also invaluable, in some 
cases, for preventing overloading. 

In order to avoid an excessive aniount of dust from the crushers, 
it is advisable to employ chutes to deliver the raw material gradu- 
ally into the crusher. These chutes may be perforated so as to 
act as screens and separate the small material, which can then by- 
pass the crusher. 

If the dust from the crusher is very objectionable, it may be 
diminished by means of a series of tine water sprays or steam jets, 
which will damp the material slightly ; an excess of water should, 
however, be avoided. ' , 

In the preliminary crushing the rock should be reduced to about 
the size of walnuts (i.e. J-l in. diameter), as pieces about this size 
may be dealt with satisfactorily in almost any kind of ffrie grinding 
mill without serious loss of power, whereas the same mill when 
supplied with pieces 2 in. or more in diameter may easily require 
25-50 per cent more power. It is not, however, economical to 
reduce the whole of the rock to powder in the crushers, as the 
amount of power required would be excessive. The number of 
crushers and their sizes which will give the best results will depend 
on the size of the stones and on their nature, as hard stones will 
require more crushing and will therefore result in a lower output 
per machine than can be obtained with softer stone. In the sand- 
working and allied industries it is seldom economical to use a 
crusher which will accommodate pieces larger than 14 in. in their 
longest dimension, as such pieces usually form only a small propor- 
tion of the whole material and are preferably broken by hammers ; 
where they are sufficiently numerous, however, larger crushers may 
be needed to deal with them. For economical crushing it is usually 
advisable to reduce from the largest size which the crusher will 
take down to about 4-in. cube in the first, from this size to 2-in. 
cube in the second crusher, and from 2 in. to J in. in the third 
crushef. Where only two crushers are employed, it is possible to 
reduce pieces 4-in. cube to about J-l in. at one operation, -though 
. when the output is sufficiently large to employ two crushers and a 
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screen to do the same work, the latter arrangement will be the 
more economical. * t 

It is. preferable to have vthe coarse crushing machines driven 
separately from the other machines. It is also very desirable to 
keep duplicate parts of the various fittings, as minor repairs are 
frequently needed. •' • 

One of the chief difficulties in the crushing of siliceous materials 
is the introduction ^f ii*m into the product. This cannot be 
entirely avoided, though by using special steel (sivh as manganese 
steel) for the grinding surfaces the amount of iron in the fine 
product may be reduced to a minimum. This is specially necessary 
in the case of sands used for glass-making, where a product con- 
taining less than 0 05 per cent of iron as ferric oxide is very desir- 
able. The greater part of the metallic iron introduced in the 
process of crushing and grinding may be removed by a magnetic 
separator, unless it has become oxidised, when it is no longer 
attracted «by. a magnet. • 

The position of the crushers relative to the fine grinding plant 
is important. They should bo so situated that the crushed material 
is delivered into a bin or on to a platform which acts as a temporary 
store from which an automatic feeding device* may be arranged to 
supply the fine mill, or from which the crushed material may be 
shovelled into the fine mill as required. 

Feeding Primary Crushers. — The output of a crusher is largely 
influenced by the manner iq which it* is supplied with material. In 
order that the supply may be as regular as possible, a charging 
platform or hopper is usually essential. Where the material is 
brought irf wagons, it should be large enough to accommodate a 
reasonable number of wagons loaded with sand or rock, as well as 
the empty ones which accumulate before they can be conveniently 
taken away. A small charging platform is a cohtinual source of 
annoyance and risk, and it ought to be enlarged as soon as possible. 
The platform should be sufficiently above the crushers to enable 
the latter to be fed easily, and yet it should not be so high as to be 
inconvenient. The most suitable height for the platform is a few 
incheB above the hopper of a gyratory crusher or the mouth of a 

i *aw-crusher, so that the stones can slide into the machine down a 
topper or chute. When a mixture of stones and sand is delivered 
to the crushers by means of a conveyor, a charging platform is less 
needed, provided the crusher has a sufficiently large hopper. In 
such a case the advantages derived from screening the material 
so that only the coarse powder goes to the crusher are so obvious 
that it is remarkable that so few firms use a sefreen for this 
purpose. 9 

Automatic feeders for preliminary crushers must be of very 
solid construction on account of the large pieces of material delivered 
to them. Rotary base feeders, conveyor belts, belt elevatojs, etc., 
described later for feeding fine grinding machines, may tye adapted 
to feed preliminary crushers, but the wear and tear is very great. 
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For many purposes the most useful method of feeding crushers so 
as to secure a regylar feed and not to put in any material which 
need not be crushed consists of an iaclined grid or grizzly with a 



reciprocating motion (Fig. 70). The material is tipped on to this, 
the small pieces passing through whilst the larger ones pass along 
and are discharged into the crusher in a steady stream. Another 
method consists of a conveyor belt composed of link-bars (Fig. 71) 
with convenient spaces between them. This belt allows the small 
material to pass though, but carries the larger stores to the 
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Sandyeroft, JM nr. Chester. 
-Ross belt feeder. 


crusher. Being much longer, it has a much greater screening effect 
than a grid, but it requires cleaning frequently or the wear and 
tear op it will be very great. Fig. 72 shows a modification of 
this type of feeder in which a rotating cage is used instead of a 
link-belt. 
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A fourth feeding device (Fig. 73) consists of a number of discs 
mounted on a shaft so as to form a sort of roller supported in an 



Siimlycruft, Mil., nr. ('hatter. 
Flu. 72. — Ross feeder. 


opening in the chute supplying the crushers. As the material falls 
down the chute, the large particles pass over the rotating discs, 



whilst the smaller ones fall between them and downwards into a 
suitable receiver. * 

Grinding 

The term “ grinding ” is used rather loosely, but is convAiiently 
employed to mean the reduction of a material to powder as distinct 


from 
smaller pieces. 
“ crushed 
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crushing,” which is the process of reducing large lump to 
ieccs. Most material in pieces larger than \ in. would be 
and materiarconsisting.tf particles less than ^ in. 


diameter would be termed “ ground,” 
but between these two sizes there is a 
'« considerable laxity in the use of the 
terms crushing and grinding. If is, 
however, more convenient to make the 
distinction between crushing and grind- 
ing one of process rathfr than product, 
so that the products from jaw- and 
gyratory - crushers, stamps ahd rolls, 
are regarded as having been “ crushed,” 
whilst the smaller - sized pieces and 
powders from other machines are re- 
garded as having been “ ground.” In 
some cases, however, coarse crushing 
machines are used for fine grinding ; 
thus, “ bar ” disintegrators may be 
used for crushing down to 25-50 mesh, 
and though they are not economical 
for producing fine powders, yet in 
grinding to a coarse mesh a consider- 
able proportion of finer material will 
be 1 produced. The final reduction of 
a siliceous material to the required 
size may «be effected by either of two 
methods, namely, “ dry grinding ” and 
“ wet grinding.” The dry grinding 
method has the advantage of enabling 
the material to be passed over screens 
and separated into different sizes with 
greater ease than is the case with wet 
sand, which is more coherent than that 
in the dry state. 

Dry Grinding may be effected by 
the use of stamps, ball mills, tube 
mills, pendulum mills, or edge-runner 
mills. 

Stamps (Fig. 74) have been used for 
a very long time in reducing metal- 
liferous sands to 'a finer state. One 
of the oldest types of stamps is the 

« - A -i, Cornish, which consists of a series of 

Fto. Stamp null. heayy weightg which „„ lifted up by 

means of a, rotating shaft fitted with a number of cams, and 
then avowed to fall. 

The material escapes through a slit the height of which is adjust- 
able so as to vary the time which the matenal remains under the 
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stamps. The stamps weigh about 2000 lb. each and rise usually 
about 7-20 in. ; the number of blows is usually 16-32 per min. 

The fineness of the product in dry stamps* depends on their 
weight, the distance through wh^h they fall? and the number of 
blows applied, i.e. on the time occupied in grinding. 

Jn wet' stamps, a stream of water is pissed through the stamper, 
and this determines, to some extent, the fineness of the grinding. 

The stamps are cylindrical in shape and are constructed of east 
steel or tough white iron. The stamp is fixed to ^ cast-iron head, 
which in turn fixed to a wrought-iron stem which carries a disc 
by means of which the cam on the driving shaft lifts the stamp and 
allows it to fall. 

The stamps are usually arranged in a series of five, and are mode 
so that they drop one after the other, the l>est order of dropping 
being 1, 4, 2, 5, 3,. counting from left to right. Two sets of five 
stamps may be driven from one shaft, the engine being placed 
between the two. • * 

In the Californian type, the stamps are made to revolve so as tc 
ensure more even working. These stajnps may weigh up to 1200 lb 
and deliver about 80 blows per min. In a more recent stampei 
driven by pneumatic pressure, the stamps weigh 1250 lb. each am 
deliver 130 blows per min. ; this stamp has an output of abou 1 
20 tons of sand per 24 hours. 

On account of the weight of the stamps, the machines mus 
be very strongly constructed. The* bottom is usually built on 
concrete foundation levelled off with a rich mixture of sand am 
cement ; on this is placed £ sheet of rubber jj in. thick, then 
piece, of wood 6 in. thick, and on this is jrtaeed the stamp bo> 
which is made of cast iron with 1-in. drilled iron linings, the who! 
being bolted to the concrete foundation. 

The power of a stamp is 


wxsxlxn 

60 


ft. -lb. per min., 


if w represents the weight of each stamp in lb., «*» represents tl 
number of stamps, l represents the distance of drop in ft., ar 
n equals the number of blows ])er min. It is usual to multipi 
the result of this calculation by J so as to allow for friction *, tl 
result so obtained when divided by 33,000 gives the horse-pow 
required to drive the stamps. Stamps give the bcsjb results wh< 
fed with material less than 2 in. in diameter. 

Ball mills consist of a revolving cylinder, lined with special 
hard plates of steel, flint, or porcelain, and containing a numb 
of balls of iron, steel, porcelain, or flint, of various carefully dete 
mined sizes. The material to be ground is put in the cylirnh 
which is then closed and the mill is rotated, the impact of the ba 
upon the material reducing it gradually to the required size. Mi 
of ffiis kind may be either intermittent in action, in which ci 
;thoJr must be stopped, emptied, recharged, and started again 
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intervals, or they may be made continuous by prodding them with 
a suitable side-feed f hopper and connecting an air-separator or screen 
to the ball mill, so that'the whole, iorms one grinding unit, the 
* . coarse material from the separ- 

ator or screen being returned 
to the mill and re-ground. The 
ball mills of a. wholly enclbsed 
typte whijjh work intermittently 
are commonly known as Alsing 
cylinders (Fig r 7£) ; they are 
charged and run for a pre- 
arranged number of hours and 
are then discharged. Very fine 
powders can be obtained in 
this manner, but the process 
is expensive. 

• The continuous type of ball 
mill is provided with perforated 
plates of specially tough metals 
arranged so as to form a stepped 
grid . On rotating the mill, the 
balls fall and roll from step to 
step, crushing the material which is fed during their course. When 
the material is sufficiently reduced, it passes through the perfora- 
tions between the plates and falls into a hopper below the revolving 
pait of the mill, in some ball mills, such as those made by Messrs. 
Edgar Allen & Co., Ltd., Sheffield /Fig. 76), the fine material 
falls first on to a }>erf Orated steel plate, which separates *he coarser 
grit, and then on to a wire gauze of finer mesh ; the powder which 
passes through the gauze falls put of the mill and is conveyed 
away ; the coarser material remaining in the mill is re-ground. 
The objection to ball mills with gauze is the wear and tear on the 
latter and the relatively small output of the mill. By removing 
all the material below. J in. diameter as soon as it is formed, and 
treating this outside the mill (as in an air-separator), all choking# 
of the mill is prevented and the output is greatly increased. The 
tailings from the separator are automatically re-ground when they 
re-enter tho mill. 

A continuous ball mill made by Hardinge (Fig. 77) consists 
of an unsy m metrical double cone rotated by gearing and containing 
balls of varying diameter, from 5 in. to 2 in. or from 1 J in. to } in., 
v according to the hardness of the material and the size of the product. 
The shape oh the mill is such that the largest balls remain in the 
part of the mill which has the greatest diameter, whilst the others 
gradually distribute themselves along the cone in order of size, 
the smallest balls being found at the point of the cone. The part 
of the mill having the largest diameter has a much greater peripheral 
speed than the rest of the mill, so that the grinding effect is roughly 
^proportional to the size of the particles ; this effects a considerable 



Wm. Boulton , L M„ Bur niton. 

Fid. 75.- -Alsing cylinder. 
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saving in power * whilst the Conical shape of the mill, and tho gradual 


<*• 



Fjfbjur Allrn <t* To., Ltd., Shefjtrld. 
Fin. 70. -Ball mill. 


reduction in the peripheral speed 
along the mill, prevents 
,the waste of power caused 
by the “cushioning” 
which occurs in many 
other mills. 

The action of the mills 
is as follows : the stone, in 
small pieces not exceeding 

S in. in diameter, is intro* 
need into the mill so that 
it falls to the part of the 
greatest diameter, where 
it is ground by the largest 
balls travelling at the 
highest speed and falling 
through the greatest 


as the ground particles pass 



Hardin ur Co., txmdon. 

Fig. 77.— Hardinge ball mill. 
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intervals, or they may bo made continuous by prodding them with 
a suitable side-feed § hopper and connecting an air-separator or screen 
to the ball mill, so that*the whole, forms one grinding unit, the 

coarse material from the separ- 
ator or screen being returned 
to the mill and re -ground. The 
ball mills of a. wholly enclosed 
ty pfe why h work intermittently 
are commonly known as Alsing 
cylinders (Fig r 75 ) ; they are 
w I charged and run for a pre- 

’ sffiM arranged number of hours and 

.0 ^ i %- are then discharged. Very fine 

,|T ' m /p powders can be obtained in 

a * this manner, but the process 

- ^ ^ ^ j € is expensive. 

^ T. • The continuous type of ball 

mill is provided with perf orated 
plates of specially tough metals 
H r w. Moulton, Ltd., Buniem. arranged so as to form a stepped 

Fia. 75. -Alsing cylinder. grid. On rotating the mill, the 

balls fall and roll from step to 
step, crushing the material which is fed during their course. When 
the material is sufficiently reduced, it passes through the perfora- 
tions between the plates and falls into a hopper below the revolving 
part of the mill, in some ball mills, such as those made by Messrs. 
Edgar Allen & Co., Ltd., Sheffield /Fig. 76), the fine material 
falls first on to a {)erf Orated steel plate, which separates \tfio coarser 
grit, and then on to a wire gauze of finer mesh ; the powder which 
passes through the gauze falls put of the mill and is conveyed 
away ; the coarser material remaining in the mill is re-ground. 
The objection to ball mills with gauze is the wear and tear on the 
latter and the relatively small output of the mill. By removing 
all the material below* ^ in. diameter as soon as it is formed, and 
treating this outside the mill (as in an air-separator), all choking • 
of the mill is prevented and the output is greatly increased. The 
tailings from the separator are automatically re-ground when they 
re-enter the mill. 

A continuous ball mill made by Hardinge (Fig. 77) consists 
of an unsymmptrical double cone rotated by gearing and containing 
balls of varying diameter, from 5 in. to 2 in. or from 1 J in. to } in., 

* according to the hardness of the material and the size of the product. 
The shape of* the mill is such that the largest balls remain in the 
part of the mill which has the greatest diameter, whilst the others 
gradually distribute themselves along the cone, in order of size, 
the smallest balls being found at the point of the cone. The part 
of the mill having the largest diameter has a much greater peripheral 
speed tJuan the rest of the mill, so that the grinding ’effect is roughly 
^proportional to the size of the particles ; this effects a considerable 
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saving in power .Whilst the Jonieal shape of the mill, and tho gradual 



Km. 7ti. -Ha!) mill. 


reduction in the jwripheral 
along the mill, prevents 
»the waste of power caused 
by the “ cushioning 
which occurs in many 
other mills. 

The action of the nulls 
is as follows : the stone, in I 
small pieces not exceeding 
} in. in diameter, is intro- 
duced into the mill so that 
it falls to the part of the 
greatest diameter, where 
it is ground by the largest 
balls travelling, at the 
highest speed and falling 
through the greatest 


speed as the ground particles pass 



Harding* Vo., Qsondon. 


Kio. 77. — Hardinge ball mill. 
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distance. As the pieces are reduced in size tn$y move along 
the mill and come into contact with smaller balls travelling at 
smaller speeds, until eventually the r material reaches the point 
of the cone at the fafther end of £he mill and is discharged. The 
advantages of the *H^ardinge mill* are its continuous operation, 
the high rate of grinding, aVd the small amount of power required, 
which is due to the progressive and rapid removal .of the material, 
so that no energy is wasted by the present ofjine material amongst 
the coarser partides. Mills which are fed with £-in. or J-in. material 
may be used eitner wet or dry, and readily reduce; arv sandstone 
sufficiently fine to enable a large proportion of it to pass through 
a 200-mesh sieve. 

An 8-ft. mill requires about 50 h.p. to reduce 5-10 tons of 
material per hour so that it will entirely pass a 48-mesh sieve, 
and 28*8 h.p. will reduce 1 *7 tons per hour to so fine a powder 
that it will pass through a 300-mesh sieve. 

The weight of the balls in proportion to the size of a ball mill 
is a very important factor in securing the maximum efficiency. 
Table LXX. shows the approximate weight of balls for mills of 
different sizes. 


Table LXX. — Sizes of Balls in Cylindrical Ball Mills 


Diameter of drum in inches . 

44 

56 

64 

80 

88 

106 

Width of drum in inches 

36 

38' 

45 

52 

58 

68 

. Weight of balls in cwt. . 

3-5 

P 

12 

24 

36 

50 






h 



The weight of the balls should be kept as constant as possible 
by cleaning and Weighing them about once a month and by making 
good any deficiency as often as is necessary. 

The size of the balls used depends on the character of the 
material ground and jof the product required. Hard materials 
and a coarse feed necessitate the use of larger balls, whilst for small £ 
and soft material small balls are required, but in all cases sufficient 
small balls should be used to fill the spaces between the larger 
ones. The Crossley Engineering Co. advise two hundred pebbles 
about 2 in. diameter in a 20-in. mill ; and about forty pebbles 
of about 1$ in. diameter in a 10-in. mill, the charge for a 20-in. 
mill being about 250 lb. ; they also advise that the mills be filled 
Mo almost nine-tenths of their capacity. 

The power required to drive ball mills of various sizes is shown 
in Table LXXI. 

Ball mills should be supplied with small pieces of material, 
preferably not more than £ in. diameter, in order to secure the 
most rapid and economical grinding, but larger pieces are often 
supplied. * 

It iB important that the mill should not be overloaded, as if 
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Table* LXXI. — Power required for Ball Mills 


** 12 
• 

10 • 

4 

8 

3 

* 8 

. * 

a 

3 


% 


• 

12 

8 

4 

4 


Length in feet 
Diameter, in feet 
Hofte -power 


too much material is supplied the time of grinding is disproportion- 
ately lengthened. 


mills are only suitable for use where rounded grains of 
sand are satisfactory ; they do not produce angular grains, and so 
should not be used for purposes where angular grains art 1 required. 
Tube mills (Fig.,78) in many respects resemble ball mills, but 





- r , c # 


i:<l;nr Mini ,{• r«., M„ ShrQWUl. 


Fio. 78. — 1 Tul>c"'inill. 


are longer and consequently much more suited for grinding largo 
quantities of material to so extremely line a powder that it is difficult 
to sieve it. It is found in practice that the uniformity of the 
product is so great that it is unnecessary to use sieves and no 
provision is made in the machine by which they can Ik* used. In 
this respect a tube mill differs from a ball mill which delivers 
a product containing particles of various sizes. Like ball mills, 
tube mills also produce grains which are generally rounded in 
shape and not angular. 

Tube mills are essentially “ fine grinders ” and work best when 
supplied with coarsely powdered material ; for this reason, they 
are often used in conjunction with and in succession to ball mills. 

The cylinder is slightly inclined and rotated at about 25*30 revs, 
jger min. According to Davidson, the speed of rotation should be 

-g- revs, per min. where d is the internal diameter in inches. The 

coarse grit enters at one end through an automatic feed ; it gradually 
passes by gravitation to the outlet at the other end, being pulverised 
foil. I 2 b 
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e 

and reduced in its passage by the crushing action of the bails 
falling upon one another (Juring the rotation of the cylinder. Flint 
balls or pebbles— being a natural product, comparatively inexpensive 
and of extraordinary hardness— care usually employed, but steel 
ones may be used wh^re the presence of iron in the product is not 

objectionable. *’ • 

When a tube mill is first started it is charged with pebbles 
or balls in prearranged proportions, but replacements are always 
made with the* largest- size, as the mill automatically produces 
the smaller pebbles in the course of its work. The weight of the 

balls or pebbles is usually about 
" l0,Mt,T X m . P""™' 1J-2 times that of the material 

* » ‘ m - to be ground, or, according to 

E. ' Davidson, /, of the capacity of 

, ; ; 7 I the mill in cubic feet. 

The lining of the tube mill is 
, f * ^'»hjho composed either of cast-iron strips 

a i T.orlLi or of small specially prepared 

• ■ . * em \ bricks of a nature somewhat re- 

J^f°>« N a 0,NO sembling porcelain and laid in 
cement. The durability of a lining 
depends upon the character of the 
* ^ material to be ground, but a suit- 

* — \ able lining should, with ordinary 

him _ care, last at least a year. In 

sr,‘v jg ? ”*««? many cases, linings serve eighteen 

PSBf "* ODOCX to t?venty-four months. 

, j The output of a tube mill de- 

£* j j t , pends on the ultimate fineness to 

I] **mk * which it is required to reduce the 
f material ground in it, and also upon 

v ~ .t', the size of the pieces fed into it. 

By reducing the rate of feed, it is 
Fuller Engineering Car, London, possible to produce a material of 
Fia. 79.— Lehigh Fuller mill. almost any degree of fineness. 

The fact that the balls in a tube 


Fuller Engineering Car, London, 
Fia. 79. — Lehigh Fuller mill. 


mill have an extraordinarily largo grinding surface makes it possible 
to run the mill at a slow speed, so that almost all the power 
required is actually used in the grinding process itself and is not 
wasted in maintaining a high speed of rotation. On the other 
hand, the great weight of the balls in relation to the material to be 
ground makes tube mills costly to drive as compared with ball mills 
and sieves. * In short, tube mills are expensive in first cost and 
in maintenance ; they are moderately, yet not highly, efficient, and 
their chief recommendation is the certainty that the material is 
properly ground and requires no sifting or other treatment. 

L^lgh-Fuller mills are a type of ball mill in which the centri- 
fugal force of the balls is used instead of their, weight. Such a 
mSl (Fig. 79) consists essentially of a fixed cylinder containing 
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a hardened stee* ring or race against which the material to be ground 
is fed. In the race is a number of. hardened steel balls which 
are driven round in the race lf\- means of a rotiyv casting, resembling 
a heavy rimless wheel with a ball lying loosely between each pair 
of spoke§. Air currents caused by fan# inttlic upper part of the 
machine lift up the smallest particles df material and throw "them 
against sieves through which the finest particles pass, the remainder 
falling back into the face^o be rc-ground. The mill may be very 
conveniently fed bv means of a screw conveyor (p •382). 

The Lehigh «ni!l is especially valuable for the production of an 
impalpable powder (about 85 ]>er cent passing through a 200-mesh 
sieve), when the quantity required would not justify the erection 
of a ball mill, but all 
centrifugal mills are 
extravagant in pc Aver 
in comparison with ball 
and tube mills. 

Roll mills (Fig. 80) 
are also of the centri- 
fugal type, but in them 
the ring against which 
the material is com- 
pressed during the 
grinding is arranged 
vertically instead of 
horizontally as in the 
Lehigh mill. Inside 
this ring ai^ three rolls 
mounted on horizontal 
shafts : one of the rolls 
is positively driven ; 
the other two rolls 
and the ring derive Fi«. 80.— Roll mill, 

their motion by friction 

from the driven roll. The material to be ground enters the mill 
above one roller which acts chiefly as a feed roll, and the material 
is drawn by the revolving ring under this roll and on to the other 
rolls which complete the pulverisation. The mill takes about 
25 h.p. to grind 1-3 tons of material jx r hour (depending on its 
hardness), 8 supplied with pieces up to 1 in. diamdW, and the 
product will leave a residue of 8 per cent on a 100-mesh sieve. 
The same machine will produce 1 ton per hour of # a material 
leaving a residue of only 7 per cent on a 200-mesh sieve. 

Pendulum mills act in a similar manner to a mortar and pestle, 
though on a much larger scale. A typical mill of this kind is the 
Griffin mill (Fig. 81), in which the “pestle” consists of a shaft 
suspended vertically from a universal ball joint within the pulley 
from which the machine is driven, a small crushing roll being 
attached to the lower extremity of this shaft. As the shaft revolves, 
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the roll at its lower end swings radially outwarcl and grinds any 
material between it and au ring or die which forms the r * mortar.” 
The pendulum shaft js mounted on tfunnions which work in half 
boxes and slide up and down recesses in the pulley-head case, so 
that the crushing roll us frpe to swing in any direction within the 



Bradley Ptdtvrmng Co., Ltd., London. 
Fig. 81.— Pendulum mill. 


casing. To the bottom of the roll is attached a series of ploughs or 
stirrers whioh violently stir the material in the .pan which forms 
the bottom of the mill and throw it between the crushing roll and 
die. A fan attached to the shaft above the crushing roll keeps the 
ground particles in motion and drives them against a circular sieve 
or screen above the die. Those particles which are fine enough to 
pass through the sieve do so and are discharged from the machine 
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, i 

on to a convey? ; the insufficiently ground particles fall back into 
the pan at the bottom of the mill, read^ to be je- ground. 

Griffin mills are driven i> a 150-200 revs, per min.; at which speeds 
the makers claim that a pressure of tRKKf-8000 lb. is exercised 
against the die. • * 

• The Gus ” pendulum mill (Fig. fiS), made by 0. E. V/ Hall, 

C • 


A 


7. ’ J. 



C. K. V. ti'U, Shrffleld. 


Fio. 82. — “ Gus ” mill. 

Sheffield, is of similar design to the Griffin mill am> is capable of 
grinding J-in. pieces to an impalpable powder. A special feature 
of this machine lies in the details of construction, which reduce the 
power required to much less than that needed by other pendulum 
mills having the same output. I 

Another modification of the ordinary type of pendulum mill is 
made by the Raymond Impact Pulveriser Co., of Chicago, U.S.A., 
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in which from two to five pendulums are employed, each being 
suspended from a # eentral # casting which carries all the moving 
parts. The action of the mill is the sa#ne as in the Griffin type, the 
material being stirrefl up by scaapcrs and ground between the 
grinding ring and th^ pendulums. * 

Grindstones arc sometimes employed for fine grinding. These 
machines usually consist of two circular grindstones running close 
together in either a vertical or horizoif w al position, so that the 
material is ground between their adjacent faces. Natural sand- 
stone or chert carefully chiselled to the desired shape is usually 
employed, but artificial stones are being increasingly used. The 



SturleratU Engineering Co., Ltd., London. 
Fig. 83. -“Horizontal grindstone or Burr mill. 


stones may be of various sizes up to about 5 ft. diameter and are 
rotated at 120-180 revs, per min., the smaller stones being rotated 
the most rapidly. The power required is about 18 h.p. for an out- 
put of 1-3 tons per hour, depending on the hardness of the material 
to be ground. . 

Mills with a horizontal and a vertical stone respectively are 
shown in Figs. 83 and 84. Grindstones are chiefly used for reducing 
materials to *an extremely fine powder (“ flour ”). At one time 
they were extensively employed, but they are now, gradually being 
replaced by tube, ball, or pendulum mills. 

Edge-runner mills are largely employed for reducing siliceous 
materials used in the manufacture of silica bricks, sand-lime bricks, 
etc., wnere it is desired to produce angular particles without too 
large a proportion of dust. An edge-runner mill consists of a pair 
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of rollers mounted on a horizontal axle, which roll in a metal pan 
containing the material to be ground. .The ordinary mortar mill 



Sturt* runt Kimineering Co., tAd., Isutdoti. 

Fm. 84.— Vertical griikistone milt. 

is a well-known tyjx? of edge-runner mill. There are two types of 
edge-runner mill used for grinding siliceous materials : 





C. Whittaker <fc (Jo., Ud„ AcrringUm. 

Fio. 85. — t’haacr mill. 

(i.) Chaser milk, in which the rollers follow each other in a 
fixed pan (Fig. 85). 
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(ii.) Revolving pan mills , in which the pan is rotated mechanically, 
the rollers merely turning pn their axes as the result of the friction 
between them and the material to be -ground (Fig. 86). 

For reducing large pieces chaser mills are better on account of 
their great strength, but Jor piecefc less than 3 in. diameter the 
revolting pans are usually preferable. 

Chaser mills with fixed pans can be made stronger than rfiills 
of the revolving pan type, as the pan of the former can be placed 
on a solid foundation, and there is less liability of damaging it when 
the rollers are raised several inches by the introduction of large 
pieces of hard material. Edge-runner mills may be either over- or 



V. Whittaker A Co., Ltd., Accrington. 
Fio. 80. — Revolving pan mill. 


under-driven, the over -driven type being most generally used, as 
the gearing is more readily accessible, is less liable to be clogged by 
dust, and more space is available beneath the pan for the collection 
of the ground material (Fig. 87). 

The gearing, whether the pan be under- or over-driven, should 
consist of a horizontal crown wheel of ample diameter and strength 
vith well-cut teeth, driven by a pinion of corresponding strength 
md arranged to withstand many sudden and violent shocks. The 
Irive should be through a belt to a countershaft, as it is not desir- 
able to have several mills of this type all driven direct, though this 
s done in some works. The belt absorbs some of the shocks which 
yould otherwise be transmitted to the driving shaft. Either a 
oose jfilley or a simple form of clutch should be provided, so that 
he machine can be stopped rapidly when required. 

The pulleys should be properly selected for the work they are 

■ 1, . •' 
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to do. Too narfow a pulleV is a serious mistake, as it causes more 
wear t h*" one which is of ample width ^for the purpose. As th 
power transmissible by a be' cor pulley is proporlional to its width, 



('. WhiUaktr & Co., lM. t Amini/Um. 
Fio. 87. — Operi'base pan mill. 


« « t . , „ n fU p aide of one which ie tob large, rather 

it is always wise ^°“XX 8 ty nature of the material, rubber 
than too small. Owing to the > mado of leather, 

and < 
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lower end of the upright shaft carrying £he pan is supported should 
be of ample size, as it has a much heavier load than is commonly 
realised. It should be made in two parts so as to facilitate examina- 
tion and replacement when required, and should be so designed that 
it will not bo affcctid t by the shocks to which the pan is subjected. 
It should be lubricated with grease or oil of good quality, which 
should be supplied automatically as far as possible, though* the 
necessity for occasional inspection should pot be overlooked, as 
footstep bearings are costly to repair. 

The pan is lined with chilled metal or steel platan, t/r chert slabs 
mounted so as to form an easily renewable bed. The metal plates 
may conveniently be arranged in two concentric circles, the inner 
one, preferably made of tough manganese steel , being the grinding 
bed on which the material is subjected to the pressure of the runners, 
whilst the outer one (which for cheapness maw be made of chilled 
metal, as it is subject to less wear) serves for mixing the material 
and repassing it under the runiersf The rim of the pan may be 
made in one or more pieces as desired ; it should be vertical rather 
than sloping, though some grinders prefer the latter. 

The pan may be solid or it may be perforated with holes or 
slots. A perforated pan is preferable for dry material, as it is 
continuous in action ; the material when sufficiently finely ground 
falling through the perforated bottom of the pan and (‘scaping from 
the machine. In the solid pan, on the contrary, the machine must 
be stopped at intervals and emptied, recharged, and started again ; 
this involves a w'aste of time which should, if possible, be avoided. 
Dry materials should never be ground in a solid pan, as much of 
the material is lost iif the form of dust and there is a great .waste 
of power. When the material is not too hard, the rollers may be 
raised about \ in. above the p**n, as this reduces the amount of 
dust produced. ' Instead of the whole of the pan being perforated, 
the parts immediately below the rollers may be solid, whilst the 
rest of the bottom of the pan may be perforated. Scrapers may 
be arranged which cawy the ground material on to the perforated 
part of the pan and return that portion which will not pass through 
holes to the grinding bed for further treatment. In some cases, 
the sides of the pan may also be perforated, though this is seldom 
necessary. The shape of the perforations varies, slots being used 
in some mills, whilst in others circular holes are employed. The 
latter are preferable, as they prevent large flakes from passing out 
of the mill. If slots are used, their length should usually be at 
right angles to the track of the rollers, unless the presence of flaky 
pieces is not considered objectionable, when the output of the mill 
may be increased by having the length of the slots in the direction 
of the travel of the rollers. Both perforations and slots wear some- 
what rapidly (unless the pan is made of exceptionally hard metal) 
and should be renewed before the apertures become unduly large. 

The size of the perforations varies with the purposes for which 
the ground material is to be used, but it is inadvisable to use holes 

0 
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smaller than J iy. 'diameter* as they are liable to be easily dogged 
and reauire frequent cleaning. If a pan mill is used to grind a 
material to powder, the material from the mill should l>e screened 
and the coarser material returned to the mill to Ik* re-ground. 
Although all the material thus returned is eapablv of passing through 
the jierforations in the mill, it will, if delivered to a solid past of 
the pan, be reduced to much smaller particles More being dis- 
charged through the perf (Nations. It is by no means unusual to 
‘employ screens of 24-mesh, in conjunction with i*m. perforations 
in the pan, with^completely satisfactory results. 

The hojes in the pan should taj>er so as to bo larger on the 
under surface of the pan than on the up}H*r one ; this largely 
prevents the holes from being clogged. 

Edge-runner mills used for dry grinding must be very strongly 
built ; the runners should be as heavy as possible, and are best if 
constructed of iron and fitted with renewable rims or tyres of steel 
or special hardened metal. The ^nployment of these removable 
tyres has many advantages, one of the most important being the 
cheapness with Much the working syrface of the runner can be 
kept reasonably level. 

Some firms prefer the runners to be made of stone, and where 
it is necessary to avoid the use of iron this material is excellent. 
For most purposes, however, it is better to lix on them a renewable 
type of manganese steel or chilled iron, as unprotected stone wears 
away rapidly. An excellent arrangeinent when transport charges 
are heavy is to make a skeleton runner of iron and to fill it with 
concrete when the runners hw reached their destination. 

The runners must Ik*- so constructed as to Allow of their vertical 
movement through a distance of at least <> in., so that in the event 
of a large mass, too hard to he immediately crushed, getting into 
the mill, the runners may pass over it. If this Cannot he done, 
an excessive strain is placed on the driving gear and an accident 
may result. One excellent method applicable to mills with revolving 
pans is to suspend each roller by means of two chains, but a more 
usual one is to provide slots in the standards carrying the ends 
of the runner axles. 

From the point of view of durability, the best pan mill is the 
one which has the maximum output for the smallest pan-area ; 
hence it is necessary that the scrapers should be fixed very care- 
fully so as to work with the greatest efficiency. They should be 
arranged so as to mix the material thoroughly and to pass it as 
often and as completely as possible beneath the runners. Each 
scraper should be capable of separate adjustment, both horizontally, 
so as to ensure that it moves the material in the desired direction, 
and vertically, so that it may be lowered as the metal wears 
away. Some firms on the Continent use hanging scrapers which 
rest on the material by their own weight and can move ve^ically* 
without being adjusted. If the scrapers are fixed to arms pivoted 
on a shaft, at the back of the machine, the front of the pan may 
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be left more free and accessible than is iffeually tM jase ,* this greatly 
facilitates the emptying of the machine when this has to be done 
by hand. There are, however, objections to self-adjusting scrapers, 
and those which mftst be adjusted by hand are preferable ; they 
remove material wjiich would otherwise adhere to the pan, and so 
ensure a better mixture than is obtained with loose scrapers. The 
smaller the perforations the closer should the scrapers wotk to 
the bed. «> 

The output f of edge-runner mills depends on the number of* 
revolutions of the pan or rollers, the number of $crapers, and the 
speed with which the powdered material is removed from the mill. 
The quality of the product depends on the breadth of the runners, 
the form and number of the scrapers (which regulate the number 
of times the material is passed under the runners before it is 
removed), and the time taken in grinding. , 

To secure the greatest output, edge-runner mills must not be 
overloaded, but should be fed inr a regular manner, preferably 
by one of the automatic feeders described on p. 382, with material 
which is not in unduly large pieces. No maximum can be applied 
in all cases, but as a general rule no pieces should be larger than 
3 in. diameter, and if the largest size is only 1 in. so much the better. 
It is cheaper to reduce large pieces to 1 in. in diameter in a stone- 
crusher than in a pan mill, so that a crusher is economical as a 
preliminary breaker for this purpose. 

It is very useful, in many cases, to attach an apparatus con- 
sisting of a lever, one end of which is placed so that when a runner 
is raised too high above the level o^the bed it will automatically 
move the lever and ‘ring a bell, thus indicating that the nr^chine 
is being overfed, and that the supply of material should be reduced. 

Edge-runner mills are chiejfly used for reducing sandstone, 
silica rock, ganister, etc., to a fine powder, in the manufacture 
of bricks, etc. They are also used for the preparation of material 
for sand-lime bricks and in the reduction of metalliferous sands 
for further treatment. 

The chief disadvantages of dry grinding silica and other sharp- 
grained materials in edge-runner mills and other open mills, is the 
danger to which the operators are exposed on account of the dust 
which rises from the machines and causes silicosis , which, in sonde 
cases, is fatal. This may be avoided by enclosing the mills and 
using fans tq collect the dust, but this is sometimes troublesome 
and difficult. 

Wet grinding may be carried out by means of stamps (p. 364), 
>&U, or tube mills (p. 365), grindstones (p. 374), or edge-runner 
nills, which are used in a similar manner as in dry grinding, except 
hat water ifc present as well as the material to be ground. The 
ihief differences in the appliances used in wet grinding and dry 
grinding respectively are : 

mzt Stamps . — Instead of passing the material through a slit, 
b is carried by a stream of water on to suitably placed screens. 
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Ball mills loj Vet grinding are of similar design to those used 
for dry grinding, but where fine material is required the mills must 
usually work intermittently Alsing cylinders, which an? charged 
and run until the machine has sufficiently ground the material ; 
the mills are then emptied and •recharged). F*>r coarser grinding, 
wet mills with continuous action may Wused. , 

Tube mills axfi more adaptable for wet grinding than ball mills, 
the construction being practically the same as for dry grinding. 
The mill is filled up to y about its centre line with b^lls or flints, and 
the slurry i# admitted at one end and discharged at the other, 
the exit being fitted with a sieve to prevent the esca|>e of the balls. 

Qrindstones for wet grinding are similar in construction to dry 
grindstones, though only horizontal stones are used ; it is found 
that in wet grinding only the lower stone should revolve, as this 
secures a greater <wtput than when the upper stone is rotated. 
In wet grinding, the stones are driven at about half the speed used 
for dry stones, so that less pswcf is necessary. Artificial stones 
are preferable to natural ones, as they wear longer and are in every 
way more satisfactory. 

Edge-runner mills or Pan mills for wet grinding must work 
intermittently, as they cannot satisfactorily Ik? worked continuously. 
They usually have a solid pan and runners 5 ft. -5 ft. 0 in. in diameter, 
16-18 in. wide, and weighing about half a ton. The pan should 
revolve and the rollers lx? loose. The mills may lx? under- or over- 
driven, as desired. The usual chaise for an edge-runner mill is 
about 600-1200 lb., which # is treated for 20-30 mins., and then 
withdrawn. No material which is more than 1 in. diameter should 
be supplied, to the mill. Such a mill, chifrged each time with 
760-900 lb. of silica, will deliver regularly about 1 ton jier hour, 
the mill being emptied and filled three times per hour and requiring 
26-30 h.p. according to the hardness of the maternd. 

A pan mill is usually emptied by hand assisted by some simple 
device. Long-handled shovels mounted on a universal joint are 
largely used, and are effective, but rathe* risky, and therefore 
undesirable. No wholly satisfactory method of emptying the 
revolving pans without stopping the mill has yet been devised, 
though several ingenious devices are sufficiently satisfactory for 
dome purposes. Their chief disadvantage is that continuous 
working introduces the continuous feeding and the continuous 
withdrawal of material from the pan, so that the product is never 
SO well ground as in machines which work intermittently with 
batches of material supplied at regular intervals. 

When a stationary type of pan mill is employed, it may be 
emptied by opening a sliding door which covers a hole in the pan. 

All edge-runner mills should be charged uniformly, and care 
should be taken not to overload them or to run them with too 
small a charge ; consequently, it is desirable to use a measuring 
device, or to weigh the charges ; where a sufficient number of mills 
is used, a poidometer (p. 334) may be employed. 
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The duration of grinding should depend on'tfce nature of the 
material being ground. About three charges per hour are attained 
with most siliceoifs rocks* which hav^ previously been reduced in 
a preliminary crushet. # 

Levigating mills /-used for the wet grinding of flint in the pottery 
industry — consist of d circular vat 4-6 ft. wide, the bottom of which 
is paved with hard (chert) blocks. In the centre is a vertical Shaft 
provided with stout horizontal arms which, when rotated, move 
large irregular flocks of hard stone (chert) over the paved bottom 
of the vat and so reduce any material placed in it powder. 

Wet grinding has the advantages of avoiding the production 
of dust and of producing a finer product, though the angularity of 
the grains is usually destroyed. 



Bennett <{• Buyer, Ltd., Derby. 
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Fin. 88. — Screw feeder. 


Automatic Feeders for Grinding Mills. — The efficiency of any 
grinding mill depend* very largely on the rate at which the 
material is fed into it. The ideal method is to supply the material 
to the mill in a continuous stream at exactly the same rate 
as that at Avhich it is being discharged in the ground state ; 
this is not usually possible, so that the most satisfactory method 
of feeding the mill is that which most nearly approximates to a 
continuous feejl. 

Hand-feeding would be ideal with a proper attendant, but in 
practice it is seldom really satisfactory, as the man either supplies 
too piuch material at once, thereby overloading and choking the 
mill, or he is over-cautious and does not secure the maximum output 
which the mill is capable of supplying. An automatic feed, when 
properly adjusted, overcomes both these drawbacks, as by its 
means a perfectly uniform supply of material to the mill is ensured. 
Automatic feeders are of four chief types : 

A screw conveyor (Fig. 88), in which the material is tipped into 
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a horizontal trough containing a slow-moving screw or worm, and 
carried forward *at a rate which dejxmds on the size and sjx'cd 
of rotation of the screw and on the length*of Hcreft- thread acting on 
the material to be moved, dv varying this length by altering the 
position of the screw on the shafts, the output can be controlled 
very accurately. / # 

A scraper conveyor , consisting of a vertical drum with an 
independent revolving b^e-platc (Fig. 89) carrying a scra]K*r, 


which, as the base-piate rotates, 
pushes a regular stream of material 
through an opening in the side of 
the drum, or between it and the 
base, into the mill. The amount of 
material delivered may be varied 
by altering the size yf the aperture, 
the speed of the buse-plate, or the 
size or position of the scraper. , • 

A conveyor belt, above which is 
mounted a barrier or block, ad- 
justed so as to allow a suitable * 
amount of material to pass beneath 
it, any surplus being held back and 
eventually carried forward by a less 




heavily loaded portion of the belt. 
This type of feeder is very useful 
where several mills are to be fed 
from one source, but the wea f r and 
tear on the belt is rather high. 

An endless belt Jilted with buckets 
or other containers which arc auto- 
matically filled and discharged at 
intervals. This type of feeder is 
merely a modification of a bucket- 
elevator (p. 339). 

The essential characteristics of 



a good automatic feeder are : 
(a) strength, {b) simplicity of 


Fxo. HU. Revolving bane-plate 
feeder. 


design and construction, (c) low 

driving power, ( d ) resistance to wear and tear, and (e) unlimited 
capacity to receive and deliver the material in a perfectly regular 
manner to the mill. The first two types of feeder described above 
are very regular in their action, but arc rather expensive in power. 
The other two are also satisfactory, though their u$e is limited, 
and the last-mentioned is not really continuous, but intermittent, 
though the intervals arc very small. Each method h better than 
hand-feeding, because it is usually more regular than the latter. 
The saving in power effected by the use of mechanical feelers is 
very considerable, and if the feeders are carefully selected th% soon 
repay the initial expenditure involved 





CHAPTER IX 

PURIFICATION OF SANDS AND SAND-ROCKS 

The purification of sand and sand-bearing rocks may be effected in 
several different ways, according to the nature of the material and 
the amount of purification necessary. The principal methods 
employed are : 

(i.) Hand-picking. 

(ii.) Washing. 

(iii.) Concentration by 

(а) Water. 

(б) Floatation. 

(c) Air. 

(d) Magnetic separation. 

(e) Electrostatic separation. 

(iv.) Chemical action. 

(v.) Calcination or burning. 

HAND-PICKING 

Hand-picking is only employed where the impurities are in the 
form of relatively large pieces which can conveniently be picked 
out by hand. Coarsely ground stone may be hand-picked to remove 
portions which are too badly contaminated by iron compounds, 
etc. Gravel or pebbles may sometimes be removed from sands by 
hand-picking, but these materials may often be separated equally 
satisfactorily and more economically by means of screens. Except 
in special cases, hand-picking is not applicable to sandy materials, 
and their purification is usually effected more economically by 
mechanical or other methods. 


WASHING 

Washing consists in applying water to the material in such a 
manned as either to remove undesirable constituents or to remove 
the sand and leave the impurities behind. Thus, a mixture of 
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sand and clay la # \fashcd in^uch a manner that the clay is removed 
by the water, but when a mixture of sand or gravel is washed the 
water carries away the sand jpid leaves fhe gra\Vl behind. Some* 
times the washing is so arrange^ as to often a separation into 
particles of low and high specific gravities ; tli^s is particularly the 
case in dealing with placer sands and/other deposits containing 
valutible minerals or ores. This treatment is termed “ Concentra- 
tion ” (see p. 4l3). • 

In washing, the etav and other small particles are 'separated 
front the rciguiinder in accordance with («) their weight, (h) their 
size. In the former method the larger particles settle out of 
suspension whilst the clay, etc., is carried off by the wash-water, 
and in the latter method the larger particles are retained by screens , 
through which the water and smaller particles esoajM*. 

In both these methods, the water not only removes the clay and 
silt, but also a considerable pmnnrt.inii of any carbonaceous matter 



Fig. 00?— Trough washer. . 


present ; some ferruginous matter may also be removed, though 
the separation of iron films on grains of sand is inurh more difficult. 
Thus, the Triassic and Permian sands cannot be completely purified 
by washing, as the grains arc covered with a thin adherent film of 
haematite which is very difficult to remove. Grains coated with 
limonite are more readily cleaned by washing, though this treat- 
ment will not remove the whole of the iron present as limonite. 

Washing by Suspension.- -Various methods of applying the 
water in order that it may carry off the small particles of clay and 
other impurities, are in use*. One of the simplest but by no means 
the most economical, is by means of the trough washer , which 
consists in putting the sand in a long trough having a V-shaped 
cross-section (Fig. 90), through which a constant stream of water 
is kept running ; the sand is stirred up by hand, using # rods, spades, 
or other stirring devices so that each grain of sand is brought into 
intimate contact with the water, and the adherent paf tides of dust 
and clay are removed and washed away by the stream of water, 
leaving the clean Band behind. It is impossible with this arrange- 
ment to use the water efficiently, so that a very large quantity of 
water is required ; the time occupied in washing is also much 
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longer than when more efficient mechanical methods are employed. 
The method is, therefore, confined to cleaning small quantities of 
sand where a more elaborate device \yould not be profitable ; apart 
from its cost, the method is qui£e satisfactory. It may be made 
more effective by having a series of troughs one below another, as 
this, increases the chance , of the sand being thoroughly cleaned 
without using more water. * * 

Flat-bottomed troughs termed sluices i are often used for washing 
large quantities f of sand, especially those containing precious metals. 
Such sluices are about 12 ft. long, from 1 J-2 ft. wide, and 1 ft. deep, 
the floor sloping 2-21 in. in its length of 12 ft. ; in some cases, the 
floor of the trough forms a series of steps about 4 ft. apart. Sluices 
are used in exactly the same manner as V-shaped trough washers. 

A still greater improvement can be obtained by using a 
mechanical agitating device to ensure the thorough admixture of 



Fto. 91.-— Log washer. 


the sand and wUter. Thus, one of the simplest of such troughs is 
the log washer (Fig. 91) which is frequently used for washing 
metalliferous sands, the simplest form consisting of an inclined 
wooden trough, lined* with wrought or cast-iron plates and fitted 
with a shaft carrying paddles arranged at an angle so as to mix 
and' convey the material to be treated from the lower end to the 
^ upppr end of the trough. The shaft revolves at about 12 revs, per 
min., and discharges the washed sand at the top end of the trough, 
the water travelling in the opposite direction and carrying with it 
the dirt, clay, etc., removed from the sand. 

Another form of trough which is sometimes used for removing 
day and dirt from metalliferous sands consists of what is known 
as a mud-whuel, namely, a paddle-wheel 5 or 6 ft. in diameter, which 
revolves in a trough containing the sand and water. The paddles 
lift up the sand ana allow it to fall again into the water, thus putting 
the otay and dirt in suspension so that they escape when the water 
is run off . In the Greenaway washer (Fig. 92) manufactured by 
Hardy & Padmore, Ltd., Worcester, the sand is fed on to an 
inclined rotary screen through which it is washed by jets of water, 
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any gravel being separated by the screens. The sand and water 
fall into a long trough provided with a Rotating shaft, carrying a 
large number of blades whi» h churn up the sand and water and 
gradually transport the sand to. the farther 4 end of the trough, 
whilst the water flows in the opposite djrection. On reaching the 
end of the though the sand falls through«a tank, up which a current 
of witer is rising, into a second mixer similar to the first, through 
which the sand is cerj^yfti in a direction contrary to that of the 
water flowing through; # 

Finally, the thoroughly washed sand is discharged into a tank 
of clean w.ater from which it is raised by a bucket elevator with 
perforated buckets which allow most of the water to escape. The 
elevator discharges the 1 sand on to the ground or into wagons or 
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bins as required. The length of the mixing troughs and the fact 
that the .water and sand travel in opposite* directions ensure the 
sand being thoroughly washed, without much waste of water and 
with a minimum amount of attention. 

The efficiency of all these types of sane! washer depnds on (a)* 
the extent to which the clay, etc., is separated from the sand and 
is suspended in the wash- water ; (b) the speed of the current, which 
determines the size of the particles which will be carried away and, 
therefore, controls the amount of impurity left in the sand and the 
amount of sand carried away and lost ; and (r) the sizes of the 
smallest particles of sand which it is desired to retain, as thii 
Emits the speed at which the water can be allowed to # flow through 
the trough. 

The combined effect of (6) and (c) causes the grains of sand U 
travel downward and at an angle which depends on the tw^forcet 
.concerned. Thus, a grain of sand which will just pass through i 
SD-mesh sieve will settle in still water at the rate of nearly I in 
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per sec., but in a trough through which *h current q f water is flowing 
at the rate of 12 ft. per sec., the grain will travel, longitudinally for 
some distance before it settles. Indies in the stream and varia- 
tions in the stirring lilso affect the deposition of the particles. 

The amount of agitation of the crude sand and water necessary 
depends on the ease* with# which the grains of sand are separated 
from each other. Jf much clay is present, a very thorough agifation 
is required, whilst a clean sand composed of almost pure quartz 
will enter into ^sponsion almost immediately. 

The rate of flow of the water should be controlled 4 by valves or 
other suitable means so as to carry off the clay and “ dirt ” without 
losing too much sand. The best rate must usually be found by 
experience, and particularly by collecting the liquid running away 
from the end of the trough, allowing it to settle and then noting 
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how much sand is present in it. This is dealt with more fully under 
Elutriators (p. 391). 

Baffles or riffles are sometimes used in washing troughs to aid 
in the retention of the larger particles. 

Among other arrangements for agitating the sand and water, 
the most satisfactory are wash-mills, drum, tube and conical 
washers with internal agitators. 

In some cases the agitator is separate from the washer proper ; 
the latter thep usually takes the form of either an elutriator or of a 
series of settling tanks. 

A Wash-mill (Fig. 93) consists of a circular tank or annular 
ring 6-15 ft. in diameter and 2-6 ft. deep. In the centre is a vertical 
shut which is rotated either by a horse, engine, or motor. Attached 
to the vertical shaft are several horizontal arms carrying harrows 
which trail in the sand and water in the mill, and stir them up, 
and put both sand and clay, etc., in suspension. After a sufficient 
amount of stirring, the rotation of the arms is stopped and the v 
contents of the mill are allowed to remain motionless, thus 
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separating wiu najtey mat cor from the sand. The water and clay 
are then run off .through an opening in the side of the mill and 
afterwards the clean sand ijj removed, * either *by digging or by 
means of a small bucket elevator . t Attempts ft) work wash-mills of 
this type in a continuous manner (by removing the sand continu- 
ously with an elevator at the same rate 4 a/fresh sand is admitted the 
stream^of water also being continuous) have not proved completely 
satisfactory, though they are sufficiently so in some localities. 

An intermittent \fash-mill, when horse-driven, is capable of 
washing 16-28 tons of sand per day, but an engine* or motor-driven 
wash-mill may treat 120 cu. yds. of sand jn*r day of 24 hours. 

The chief drawbacks of a wash-mill are the very large quantities 
of water involved, the intermittent nature of the process, and the 
ease with which a careless or indifferent workman may deliver 
improperly washed ^material. They are, t herefore, used to only a 
limited extent. 

Drum washers may be regarded as covered trough washers ; 
being “ closed ” they can be worked at a greater speed and inclined 
more steeply than an open trough washer. When horizontal, 
they consist of a pipe or cylinder containing a shaft louring a 
series of blades which churn up the sand and water and produce 
a good mixture. The blades are so inclined that they also propel 
the sand to one end of the* washer, whilst the water is under such 
a pressure that it travels in the opposite direction. This counter- 
current action ensures the cleanest water coining into contact 
with the cleanest sand, thereby economising water and ensuring 
as thorough a washing as thc^ machine can produce. 

If the -jlrum is inclined, the shaft and blades must usually be 
replaced by a continuous or Archimedean screw ; in that ease, 
the sand is admitted at the lower end of the drum by means of a 
hcrpper, and water is admitted at the upper end and travels down- 
ward through the washer. The rotary motion of the screw con- 
veyor causes the material to pass up the inclined drum and fall 
out of the end at the top. In passing up tfee drum, it is agitated 
by the motion of the screw, and the adherent dirt is washed out 
and carried away by the water which overflows at the lower end 
of the drum. A machine of this kind is capable of washing 20-50 
or more cu. yds. of sand per day. •. 

The efficiency of such a washer depends on the speed of the 
water and on the extent to which the particles of gand, etc., are 
separated as they travel through the drum. The agitating and 
separating power of a series of blades in a horizontal drum is far 
greater than that of a complete screw, so that the inclined drum 
is usually less efficient unless made of very great length. For 
many sands the inclined drum, extended so as to •form a pipe, 
possesses ample agitating and suspending jwwer and is, in every 
way, satisfactory, provided the sand and water travel in opposite 
directions. When they both travel in the same direction, a longer 
pipe is necessary to ensure a perfectly clean product. 
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A particularly successful waster of*- this tyjte is the Freygang 
Separator (Fig. 94), which consists of an inclined tube a, with 
a vertical branch l, an overflow a 1 w^th waste pipe g, and a worm- 
conveyor c, rotated by gearing driven by the pulley 6. The 
material to be washed is agitated t with water in a separate mixer 
or bjunger and is fed intfy the funnel e 1 along with a Supply, of 
clean water from the pipe /. The mixture passes to the mctined 
tube a, and rising through it is gradu^ly separated so that the 
fine particles of clay, etc., are carried away* through g, whilst the 
washed sand is Collected in the tank d. The object ,of extending 
the tube a well above the outlet a 1 is to ensure* the sand being 
drained before *it is discharged from the machine. 

The fineness of the separated particles and the grading can 
be regulated by altering the inclination of the tube a, the speed 



of rotation of the worm e, and the quantity of water supplied by /. 
When several grades of sand are required, a corresponding number 
of separators may be “worked in scries. Similarly, where several 
washings are necessary the solid matter from one machine may be 
discharged into another, and if necessary a series of machines may 
be used so as to secure a sufficiently pure product. 

Machines of the Freygang type have the following advantages : 

(1) Definite mechanical control, giving definite results in the 

separation or grading of the sand. 

(2) Great saving in the amount of water used. 

(3) Great .range of grading, when required. 

(4) Low cost of installation. 

(5) Very llfetle power required. An output of 20 tons per hour 

requires 12 h.p. and 40 tons (8960 gallons) of water. 
Most of the water can be used repeatedly. Small 
machines with an output of 1 ton per hoi 1 ” 
about 1 h.p. 
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(6) The machine is specially useful for concentrating metal- 
bean jig sands. 

* • 

Instead of the drum bein^ stationary and fitted with a revolving 
shaft and blades, it is sometimes* advantageous to use a horizontal 
rotating dram fitted with internal baffles. Ih the Blackett coal 
washer the baffles are in the form of atoew or worm, so thalb the 
heavy ’‘particles Caught bj^thc baffles travel down the worm -shaped 
channel until they escape at one end of the drum, whilst the fine 
particles are carried to the other by the water aiukthus separated. 

In another case, the baffles are arranged so as to lift, the sand 
and deliver it on to fixed blades on a stationary shaft. The 
Telsmith washer (Fig. 95) is of this typo ; its action is clearly shown 
by the illustration. Machines of the rotary driven tyjie do not 
break up balls of ^clay and sand so readily as fixed drums with 
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rotating blades, but for sands which are easily washed they arc 
quite satisfactory. 

• In Rikof s washer (Fig. 96) thi slightly inclined drum is divided 
into several compartments through which the water and sand 
pass in opposite directions, the sand Wing discharged at the lower 
end of tne drum on to cylindrical screens of suitable fineness 
arranged concentrically, the largest holed sieves being innermost 
and the finest on the outside of the series. The sand on the screens 
is also subjected to a further cleaning by means of jets of water 
playing on the screens. The slurry may, if desired, be carried 
offto a drying apparatus where it is dewatered and dried (p/404). 

Elutriators are appliances for separating small solid particles 
by means of a current of water flowing at such a rite as to carry 
away the smaller particles or those of lower specific gravity, whilst 
the larger or denser particles remain behind. Eluttfators are all 
baaed on this separating power possessed by a current of water 
flawing at a predetermined rate (p. 252), and their efficiency 
depends on (i.) the accurate regulation of the rate at which the 
water flows, (ii,) the absence of disturbing currents, and (iii.) the 
supply of the materials in a state of suspension, each solid particle 
being definitely separated from the others. Most of the washers 
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already described depend upon this •principle?, but elutriators 
differ from other washers in having no internal mqehanism. 

The simplest fbrm of # elutriator # jp that described on p. 252, 
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Perfect Concrete Mixer Co., Broxboume. 

FlO. 96. — Rikof’a sand washer. 

but it is too small for use with large quantities of sand. For use 
on a laj*ge scalo, it is not sufficient merely to construct a large 
vessel ot the shape shown in Fig. 18, as eddies and other disturbing 
factors would render it of little value ; moreover, it is important 
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to be* able to rvjnfove the washed sand easily at regular intervals 
without interfering with the work of the elutriator. These diffi- 
culties have been overcome without sacrificing any of the essential 
principles in the separator patented by J. M. Ifrapcr of tlie Rhondda 
Engineering Co., Ltd., Bridgend. • 

' The Draper washer consists of an 'iron 'column at the lower 
end of which i§ a screw conveyor. Water is admitted through 
a pipe 5 (Fig. 97), near *he upper ]>art of 
the apparatus, and fifts it, gradually over- . 

flowing threagh the shoot 3. A balancing : "] 

column of water may Ik? attached to pipe j i K 

7 so as to keep the pressure? of the water 
constant in the apparatus. The material to ,j\7j * 

lie treated enters the apparatus througli gfc&ip 
the hopper 2, and •falls through the funnel j * j 

18. Here it is subjected to a powerful tA i * ty* 
washing action by the movuineflt of the if 

water, whilst the heavier particles gradually if f !l 

fettle downwaras and are carried awav by jJ jP 

the conveyor. The nature of the falling »|] f .(!]« 

material may be seen through the windows y IJ 

22 and samples may be drawn through the Oj—A. j JW 

plug 23. The valve 25 slowly rotates, and ** • J' " ' ' 
in so doing shuts off the connection between 
the water column and the conveyer sufli- *s s J[S-j[Y 
ciently to enable a steady separation to Ik? « h 
effected, whilst at the same time it enables A i j 

the accunfeil&tcd sand, etc., to pass away. • |j 

Apart from this valve? and the* eemveyor, j j| 

the apparatus has no moving parts anel i | 

requires no attendance when at work. • | ! 

When supplied with a mixture of sand | ]l 4 

anel water in which the solid particles are? ^ 

completely separated (as by agitation in a. 
beater-raill or blunger), the Draper washer (T a 

is remarkably efficient. It depc?nds solely em \ J) 

the rate at which the water flows through 
the apparatus anel thus reduces the control * I(; * 97 . - Draper wauher. 


to ensuring an ample supply of water at 
a constant head. It does not require the? water te> Ije unele*r great 
pressure, and when once adjusted it requires no further attention. 
It can be regulated to separate particles w ithin very narrow limits 
of size or specific gravity, or to remove; all particles less than, say, 
200-mesh without losing any appreciable proportion of the larger 
particles. It takes up less space .than almost any bther kind of 
washer, and it has the advantage that it can be arranged to give 
any desiipd output, whether small or large, by varying th^size of 
the apparatus. It does not require any power to drive it; as the 
sand-emptying valve can be turned by hand if desired, though a 
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mechanical rotating device is preferable and *tg coat may be 
neglected if a pump is required to supply thp separator with 
water. * * t 

To be effective, the Draper Rasher must be of a considerable 
height — seldom les% than 10 ft. — and whilst this is not serious, 
it is, interesting to hbsefye that most inventors of elutriating 
washers have avoided tall appliances wherever possible, thbugh 
usually without very adequate reasons . Hkey have also endeavoured 
to design washers of large diameter instead of using a larger number 
of small diameter. This is unfortunate, as the disturbing factors 
in an elutriator are far- less serious in an apparatus of small diameter 
than in a larger one. 

For these reasons, instead of employing a tube or pipe as in tho 
types already mentioned, cones are often used as in Figs. 98 and 99. 
Such washers are really elutriators, the sand falling to the bottom 
whilst the clay and dirt are carried away by the water passing 
upward through the cone. • • 

Where materials coarser than 200 -mesh are to’ be washed, 
Some of the impurities which are neither so light &s to float away 
nor heavy enough to sink, accumulate on the sides of the cone. 
In time these accumulated particles slide down the cone, spoiling 
the washed sand therein and necessitating a stoppage of the process 
whilst the cone is being cleaned. This may be avoided, to some 
extent, by supplying the slurry from one side instead of down, 
the centre, or a block may be placed in the centre of the apparatus, 
as in the Delano washer, so as to sencl the water down the part 
of the cone where the deposit is likely to form, and thus prevent 
its deposition. The defect is, however, largely due to ^he use of 
an inverted cone and so cannot be wholly avoided with washers 
of this shape. 

The object of making a washer of inverted conical form is to 
create a rapid flow of water at the point where it first comes in 
contact with the sand, so as to separate the solid particles and put 
them in a state of suspension. As the water rises in the washer, 
the conical shape of the latter reduces the rate of flow so that 
an increasing amount of settlement of the larger or denser particles 
should occur, though the rate of flow should still be sufficiently 
great to carry off the clay and “ dirt.” 

In the simplest form of cone elutriator the crude sand is fed 
into the upper t part of the cone at such a distance below the over- 
flow as to prevent undue disturbance of the latter. The particles 
of sand, etc., pass downwards and are gradually separated, the 
Bmaller and lignter particles being carried upward by the current, 
whilst the larger or denser particles sink to the bottom and are 
withdrawn thTough a valve. If the crude material contain large 
pieces of cemented material (e.g. pellets or “ balls ” of sand cemented 
by plastic clay) they will not be broken up, as the &ct|pn of the 
washer Ss too gentle, but will sink down along with the particles 
; of sand. Hence, this type of washer is useless for such a material* 
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Numerous patents have been granted for minor variations in 
this type of waster, and they need not be described in detail. 

The valves which control Jhe discharge of th6 sand from conical 
washers are often troublesome, g,nd many ingenious devices have 
been used to overcome this difficulty. Tims in a conical washer 
(Fig. 98) manufactured by the All is- (palmers Manufacturing Co., 
Milwaukee, Wisconsin, an inverted conical sieve is placed in the 
lower part of*the washer. » The apertures in this sieve are too small 
to permit sand to pa&» through them, though they readily admit 
water under, pressure from the valve in the base of the washer. 
This arrangement efficiently prevents most of the sand from enter- 
ing the valve. 

The cone w r asher manufactured by the Allen (lone Co., El Paso, 
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Texas, U.S.A. (Fig. 99), is provided in the centre with a float which 
is just in a state of equilibrium when the w asher is filled with clear 
water. When the washer contains a large amount of material in 
suspension the float rises, and, in so doing, it opens a valve in the 
bottom of the apparatus and cause's some of the sand to flow out, 
thus reducing tne density of the liquid and reclosjng the valve. 
In this way the accumulation of sand is effectually prevented, as 
the float rises immediately a few grains of sand sink to the bottom 
of the cone, and, being very sensitive, it acts with great accuracy. 
The sand and water passing through the valve enter a chamber 
below, where it comes into contact with a stream of*water and is 
drawn off by a siphon, this being preferred as it causes less disturb* 
ance tha%a valve in the bottom of the washer. Such a device is 
more suitable for washing very fine sands than for coarser ones. In 
America, it has been used successfully for removing clay from fine 
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phosphate sands of 200-mesh graie, which are hashed completely 
clean. / 

The Dorr classifier (Fig* 100) consi^s of a very shallow cone, the 
material in which is hgitated slightly by means of slowly rotating 
rakes. These do net interfere with the general washing process, 
yet they prevent the formation of deposits on the sides of* the cone 
and drive the coarse material through the discharge opening Hnto 
a water chamber, from which it is removed by means of a ladder 



Allen Com Co., El Paso, Texas, V.S.A. 
Fia. 99. — Allen cone washer. 


conveyor consisting of a series of blades on a long rod, the whole 
having a to-apd-fro motion. On the forward stroke, the scrapers 
are close to the bottom of the inclined trough containing the sand 
and they draw the material up the machine. On the return stroke 
the scrapers are lifted clear of the material and are then lowered 
so as to draw a fresh lot of material forward. During the return 
stroke the wrfter and finest material tend to flow down the incline 
and enable a well-drained sand to bo discharged from the machine. 

Washers of this kind can effectively clean a sand containing 
25-50 per cent of clay at an extremely low cost, only 1 to 5 h.p. 
being required for outputs up to 75 tons per hour. Dorr classifiers 
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are very useful # f6r washing moderately fine sands (such as those 
used for glass manufacture) which require to he specially free from 
impurities. * . 



The Korting washer is a type of multiple cone washer in which 
the sand is passed through a series of hoppers. The sand u placed 
in the first topper, where it is stirred up with w ater under a head 
of 30-40 ft. The water, with the clay and other impurities, flows 
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over the lip of the hopper to waste, °but the sand is lifted up 
through a vertical tube { (by the pressure of water through an 
injector) and is carried to the next* hopper for further washing. 
This process is repeated as often as necessary. There are no 
mechanically moving parts, and the* apparatus requires no attention 
other than to feed it ‘and Remove the washed sand from the catch 
tank in which it accumulates. 

Another general form of cone washer and classifier (of which 
several patterns exist) which has long been Employed in the treat- 
ment of metalliferous sands is the Spitzkasten (fig.* 101), which 
consists of a box in the form of an inverted pyramid with its 
oblique sides at an angle of 50° and made of wood or sheet iron. 
The slurry is introduced at one side and escapes at the other, a 
baffle’ being placed between to prevent surface currents. In some 
patterns the slurry is introduced through a tmbe down the centre 
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of the box, extending to within 2-3 ft. of the top of the pyranfid. 
A secondary supply of water ascends from the bottom of the cone 
and aids in carrying away the fine grains of sand, etc., ’whilst the 
heavier particles sink to the bottom and are periodically removed. 
Several such pyramidal boxes may be used in series in order to 
separate particles of different sizes. When several Spitzkasten are 
used in series, the first box should be 2 ft. wide, if 10 cu. ft. of the 
mixture of material and water (known as “ pulp ”) or 1-2 cwts. 
of solid matter are to be treated per minute. The boxes in the 
series may suitably increase in geometrical progression with a 
faotor of 1 *5 ; thus if the first box is 8 ft. in length, the second may 
be 12 ft., the third 20 ft., the fourth 30 ft., and so on. 

A SpitdtHU classifier ^Fig. 102) consists of two inverted tzi# 
angular prism one inside the other, the space between them being 
adjustable. This apparatus is used in the same way as the Spitfc- 
kijsten, the sediment being withdrawn at the apex of the outer 
ohambar. In some cases, secondary water is supplied to the base 
of the apparatus so as to give an upward current which ensure* 
best possible classification. Both these washers may be Used 
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for concentrating* and oL^ssSying sands as well as for washing 
them. % 

Washing with Screens ^So me sand's can ^bc effectively and 
cheaply washed by discharging them on to ofte or more screens in 
a thin stream, and applying a sufficiently powerful stream of water 
to carry the clay and small particles tnrou^h the screens, whilst 
the larger particles travel along the screens and are eventually 
discharged. • » 

It is sometimes sufficient to mix the sand and water in a hopper 
or some for<i,oJ preliminary mixer, the contents of which are then 
passed over fine screens which retain the sand whilst the water and 



parities suspended in the water. This objection is much less when 
the impure sand and water is passed in succession through a 
number of screens, fresh water being supplied to each screen if 
necessary, and finally after separating all particles # which can be 
removed by the screens, the water containing the finest particles in 
suspension is taken to a sand settler. 4 number of inclined conical 
screens arranged in series for this purpose as shown in Fig. 103 is 
largely used in America. 

In another form of washer, rotary cylindricaf screens are 
arranged so as to be partially submerged in water, so that the fine 
material which passes with the water through the sieve is collected 
in the tank containing the screen ; the coarser sand remains on the 
sieve and the dirt and clay are carried off by water to an overflow 
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pipe. In this way very thorough washing is secured and a large 
output maintained. 

In some work# a series of flat .vibrating screens are arranged 



one above another, as in %. 104. The sand* is supplied to the 
uppermost screen and is graded 'and washed by jets of water w hich 
drive it, according to the sizes of the particles, through each screen 
in turn. The objection to this arrangement is that the sand acts 



Fio. 104. — Washing screens. 
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as a fiber and retains some of the dirt, which would be separated if 
the sand were fully suspended in water and the dirt removed by 
flowing water without the use of screens. 
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REMOVAL OF WATER FROM SANDS 

Removal *of Water from Sands 

After washing, sands usunjly contain 'a considerable proportion 
of water which must be removed before they eAn l>e used. Various 
methods are employed to effect this de- watering ; they may be 
subdivided into («) sedimentation ; (b) (fltration ; (c) centrifuging ; 
and <r/) evaporation or drying. 

Sedimentation is very aommonly used, and is applied in various 
ways. The simplest method is to run the sand and water into large 
settling pits* After a time, the sand falls to tho*bottom and the 
clear water is allowed to run off through an overflow pipe, or through 
a series of * openings in the side of the pit. This method has long 
been used in the purification of china clay and in other industries, 
the chief disadvantage being that it is very slow and the space 
occupied is considerable. Moreover, the removal of the sand by 
hand labour is costly, so that more rapid methods which include 
mechanical devices are preferred. • 

The settling pits may be rectangular or circular with vertical 
sides, but it is Usually more convenient to use inverted cones, the 
sand being discharged through a valve at the apex of the cone. 
The mixture of sand and water is supplied to the cone either just 
over the rim or througli a vertical pipe in the centre of the cone. 
Both these arrangements have the disadvantage of forming “ banks ” 
on the sides of the cone unless special precautions are taken (see 
Cone Washers, p. 394), as bv providing a combination of washer 
and separator as in the edne washers previously described. In 
some cases the wet sand is 9 tipped into a conical hopper and is 
allowed to^settle. The sand is then drawn off through a valve in 
the bottom of the cone, whilst the water remains behind or is run 
off through an overflow. 

♦In the Boylan separator the cone is suspended from the arm of 
a balance, the other arm being provided with a counterpoise, so 
that when a sufficient weight- of material enters the cone its equi- 
librium is displaced, the cone sinks, and thereby opens a valve at 
its base and so discharges some of the sand. The cone then rises, 
and the process is repeated as often as may he necessary. In the 
conical sand separator made by the Link Belt Co., Philadelphia, 
U.S.A. (Fig. 105), the cone is susj>ended from a system of levers 
attached to a valve in the apex of the cone. The mixture of sand 
and water flows into the top of the cone, the sand falling to the 
bottom and the water passing away by the overflow' pipe*. The 
weight of the sand gradually causes the pone to sink, and doing so 
opens the valve, thus releasing some of the sand, which falls into 
a bin, restoring the balance and closing the valve. This device is 
therefore entirely automatic, provided the sand is sufficiently free 
♦from stones, etc., not to choke the valve. A cone fi ft. diameter at 
the top will deal . with 5 tons or 1000 gallons of a mixture sand 
and water per minute. 

A counterpoise separator of a different shape is made by the 

Y*L. I 2 » 
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Smith Engineering Works, Milwaukee?. U.S.A. C In this machine 
(Fig. 106) the hopper and lever are both carried on knife-edge 
bearings to ensure sensitive action,,, and as the sand-laden tank 
moves in one directibn the valve, plate at the bottom moves in the 
opposite direction,, thus giving an ample discharge area and a 
reliable closure on the return movement and avoiding the tendency 
for the valve to remain open too long, which is so serious a fault 
with many counterpoised sand- separators. 

The advantage of a separator of conical t»r similar shape is that 
it enables a relatively small discharge valve to be psed, the sloping 
sides of the cone automatically directing all the sand to the outlet. 
The disadvantage of such an arrangement is the difficulty frequently 
experienced in closing the valve promptly, especially when attempt- 
ing to produce a dry sand. For this reason, many of the American 



separators do not attempt to deliver a dry sand but only one con- 
taining as little water^as will avoid valve-difficulties. Such devices 
are really rapid drainers, and leave the sand in a saturated condition. 

A conical sand separator must be very deep to be effective, as 
a shallow one would allow too much water to pass with the sand. 

Where a conical separator is not used, the chief means employed 
for withdrawing the sand from settling pits are : (i.) drag-belts ; 
(ii.) bucket elevators ; (iii.) ladder conveyors ; (iv.) Archimedean 
screws ; and (v.) rotary drainers. 

Drag-belts (Fig. 107) consist of an endless belt or chain provided 
with scrapers which draw the sand up an incline at the side of 
the settling pit, but allow the greater part of the water to flow 
back into thb pit. 

Bucket elevators (p. 339) are sometimes used to raise the we# 
sand from a settling pit. The buckets are usually perforated 
so as to permit most of the water to drain back into the pit. They 
are only useful where the colour of the sand is of no importance, 
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as the metal of # which thtfy are made usually rusts and so con- 
taminates the sand- ' # # 

Ladder conveyors consist tf^a series of scrapers mounted on a 



rod having a to-and-fro movement# One of the best- of this type 
is shown in Fig. 100 and described on p. 390. 

Archimedean -screws (Fig. 108) are extensively used for removing 
sand from separators and settling pits?. They depend on the fact 



Iswittwm Foundry Co., Lruddown, (J.S.A. 


Fig 108. — Screw de-waterer. 

♦that as the sand is raised by the screw the water will tend to 
separate and will fall off the screw as the latter rotates.^ Such 
screws are not highly efficient as drainers, but they are so con- 
venient as conveyors that their deficiencies are tolerated. A 
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particularly good combination of washer and c sand separator in 
which a screw is used is the Frey gang machine (p o ^90). 

Rotary drainers are comparathjaJy novel. One of the most 
ingenious methods is used in Rikpf s washer (Fig. 96), in which the 
drainer consists of «a steel qone fitted ’ at its largo end into a wide 
flange which is in ttirn connected to a nearly t horizontal shaft 
which is slowly rotated when in use. The cone has a nutnber 
of metal blades forming pockets so arfanged that’ the top edge 
of each blade is^horizontal when it reaches the horizontal plane of 
the axis of the cone. This provides a truly hopzoxtal overflow 
for the water separated from the sand. When the drainer is in 
use, as each pocket passes under the discharge from the cylinder 
it is filled with sand and water ; the sand rapidly settles, and as the 
cone revolves, the water is poured off at the small end, leaving 
the sand very well drained. The sand then passes round and is 
discharged at the other side of the cone in a damp state. For 
effective working, the mac him? nvast be properly adjusted and 
driven at a speed which has been found by experiment 1 to be the 
best for the local conditions. t 

All the foregoing methods yield a wet sand. They are useful 
in separating the sand from a relatively large volume of water 
and delivering it in a solid yet very wet condition. They may, 
therefore, be regarded as preliminary machines, and are of great 
value for removing the bulk of the water ; the remainder must 
r usually be removed by some ‘other of f the means described in the 
following pages. 

Filtration is sometimes employed for drying sandy materials, 
and has the advantage of producing a drier product tfian pimple 
sedimentation. The filters generally used for sand consist of a 
sheet or bag of some porous material, such as cloth or gauze, upon 
which the wet s&ndy material is poured ; the water passes through 
tho filter and escapes, leaving comparatively dry sand behind. 
Various devices are used in order to increase the rate of filtration, 
and some filters are provided with means to remove the dry sand 
automatically. In considering these appliances, it is necessary 
to remember that sand is highly abrasive, so that the wear and 
tear on the filtering medium is very great, and us the filters are 
expensive to purchase, it is often cheaper to use some other means 
of removing the water from the sand. Under some conditions, 
on the contrary, as when the sand is contaminated with salt and 
the supply of washing water is limited, or when only hard water 
is available, a filter forms the best means of removing the greater 
part of the water which cannot be separated by natural drainage 
or by sedimentation. 

The chief types of filters used for sand are : filter-presses, 
rotary filters, draining belts, and centrifugal separators. 

Fifer -presses consist of a series of stout sheets of closely woven 
ootton, the sheets being folded into the form of bags, which are 
then fixed in series in a long frame. The material to be dried 



FILTRATION OF SANDS 405 

• • 

is run-into the ba$, whicu 'ure tfien dosed, and pressure is applied 
to the whole serf^j by "means of a screw, so as to squeeze or press 
out the water, after which the $>ress is agaift opened and the “ cakes ” 
of dried material removed. A j>ress of this kind is shown in 
Fig. 109. Filter-presses are ako made in which the mixture of 
sand and ‘water can be pumped under presswe into the “ bags " ; 
this is a great advantage, of which full use should be made when* 
ever possible. • A pressur® of 30*60 lb. per sq. in. is necessary for 
filling. • 

The tim v taken to operate a filter - press is generally about 
thirty minutes per run, the cakes produced being li*4 in. thick. 

Filter-presses are not used for ordinary sands, but. they are 
extensively employed for removing water from fine sediments 







Manlovc, A/liot A Co., Ltd., NUtiny/unn, 

Fiu. 109.— Filter-press. 
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such as gold slimes, etc., which are ]>roduced by reducing rocks 
to the state of sand. 

Rotary filters do not employ much, if any, pressure, but aro 
usually worked by means of a vacuum pump. They generally 
consist of a large drum covered with cloth or other filtering medium 
on to which tne»wet material bills. The water is drawn through 
the cloth by means of a partial vacuum in the interior of the drum, 
whilst as the drum revolves the de-watered material is removed 
from the cloth by a scraper. In some patterns of, rotary filter, 
the cloth is then washed as the drum rotates, and is afterwards 
ready for further filtration. In a well-designed rotary filter the 
action is, in effect, continuous. Several patterns of •'rotary filter 
are available. Thus in the one shown in Fig. 110 and made by 
the Oliver Continuous Filter Co., the hollow drum ha? on its peri- 
phery a series of compartments each independently connected to 
a vacuum pump. The bottom of each compartment conqjsts of 
the filtering medium. In use, the drum is rotated in a V-shaped 
trough containing the liquid to*be filtered, which is agitated so 
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as to keep the solid matter in suspension. As ‘each compartment 
enters the liquid, a thin cake from / ff -l£‘‘in. tjuck, according to 
the nature of the 'material , forms op # the surface of the drum. On 
leaving the trough, 'the water iij the cake is drawn through the 
filtering medium $nd the t de-watered cake may, if desired, ht‘ 
washed by suitably arranged jets or sprays of water. ‘After the 
cake has been carried past the washing sprays by the fifHher 
movement of the drum, the vacuum is tut off and compressed air 
injected so as to force the cake away from the surface of the drum 
and facilitate i£s removal bv scrapers, The cle^n compartments 
again dip into the liquid in the trough and the process is repeated. 


\HCUUMPOMP 
ATTACHED TO,. , 
BOTH OUTLffS^ / 



Oliver Continuous Filter Co., London, 
Fio. 110. — Vacuum lilter. 


Thus, each compartment produces one cake of material for each 
revolution, so that the output will depend on (a) the diametei 
of the drum ; ( b ) the number of revolutions per minute ; and (c) the 
thickness of the cake produced. According to the nature of the 
material treated, the output varies from 200-2500 lb. per sq. ft 
per twenty-four hours. Ore slimes and floatation concentrates arc 
usually de-watered at the rate of 500*600 lb. per sq. ft. per twenty* 
four hours. 

Vacuum ’filters are chiefly employed for metalliferous sands oi 
slimes or for other fine material for which the ordinary method* 
of sedimentation are not sufficiently rapid, or which do not give 
a sufficiently sharp separation. 

Draining belts are sometimes used for drying sand, etc. Thej 
: consist of an endless belt of stout twill cloth or similar materia 
mounted on rollers like a belt* conveyor (p, 328). The watoj 
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draining through tfee belt j. oaugfit in a trough below and led away, 
whilst the de-v^tered material is removed by a scraper placed 
near one of the pulleys. These belts socfti becoihe clogged and are 
by no means satisfactory drycre. Their only recommendation is 
that they convey the material, as well as drajn it. Attempts to 
compress' the material on the belt by t fnears of rollers havq not 
beer* generally satisfactory. 

Centrifugal drying ma$' be employed for fine sediments, though 
it is, in most cases, tio expensive except for valuable materials. 
The* apparatus used is known as a centrifugal separator. It con- 
sists of ar plaiA or perforated cylinder or basket, mounted on 
suitable supports or on a spindle, and rotated very rapidly by a 
belt and pulleys. If the basket is perforated and lined with cloth, 
felt, or other porous material, it is almost filled with the wet 
“ sand ” and the ipachine is then started. As the basket rotates 
with increasing rapidity, *the action of centrifugal force drives 
both the water and the solid t^ tire sides of the basket ; the water 
passes through the perforations and the solid matter is retained 
by the filtering medium. If the speed of rotation is sufficiently 
high, a very well-drained material is Armed. 

If the basket is a plain one, it is made to rotate before adding 
any wet sand, and the latter is fed into the revolving basket at a 
steady rate. The “ sand ” flies to the walls of the basket more 
readily than the water and adheres thereto, whilst the water forms 
a hollow cone near the interior. If* one or more small holes exist 
in the bottom of the basket?, the clear water will pass out through 
these until the machine hfy* been filled with de-watered sand. 
Any further quantity of wet sand then added will pass unchanged 
through tlie machine. 

Various modifications of these two types of centrifuge are 
available, including one containing a filtering cone covering the 
holes for the exit of the water near the centre of the drum, so as 
to retain even the finest particles. If a mixture of a material 
consisting of grains of various sizes with a larger proportion of 
water is passed through a tall centrifugal arum, the solid matter 
is separated according to the size of its particles. In this way 
an efficient grading of fine sands can be satisfactorily effected in 
a suitable centrifugal machine.' 

It will be seen that the operation of a centrifugal machine 
is very simple. The amount of material forming a charge and 
correct rate at which the machine is to be run are easily ascertained 
after a few trials, and there is little to get out of order. The one 
drawback to the use of perforated baskets is that the .solid material 
is liable to form a very compact mass through which the water 
travels with difficulty, and if the speed of the machine is increased, 
the density of the solid material is correspondingly increased. 
-As a matter of fact, the use of baskets with perforated waffs is the 
reverse of what should be employed, and the ideal arrangement 
is one in which the walls of the basket are quite plain, whilst the 
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outlet is near the centre of the tfasketr . If thiA outlet is covered 
by a filter, the latter will have very little tfork ^ do as the bulk 
of the solid inattef will adhere to the c walls of the basket and only 
water which is almost clear will come in contact with the central 
filter. This arrangement has been, patented by W. J. Gee, and is 
used^in some of the fikers tyipplied by Centrifugal Separators, Ltd. 

Evaporation or Drying by Heat.— The dryifig of sand# by 
evaporation is accomplished by applyingaheat to the* wet material 
by means of (i.) a hot floor, drying pan, rotary dryer, or similar 
heating device ; € or (ii.) by passing hot air over tjhe material. 
Occasionally both these methods are combined. r 

A hot floor consists of a shed or other building having a floor 
of bricks, concrete, or metal plates under which are numerous 
flues conveying either hot gases from a fire or steam from a boiler 
from one side or end of the floor to the othqr. By this means 
the floor becomes hot and any wet material placed upon it is dried 
by evaporation. Hot gases from a«coal or coke fire are generally 
employed for such purposes, as steam heating is much slbwer, and 
there is, in most cases, no object in drying very slowly. Such 
floors are used for drying calcined quartz, ground phosphates, 
the concentrates obtained in recovering metals from sands, foundry 
sands, and similar “ sands ” which are not damaged by a slight 
overheating. 

The materials, if sufficiently fluid, may bo discharged through 
pipes on to the hot floors and removed by rakes when dried. Less 
fluid materials may bo tipped on to the floor and distributed by 
means of rakes. 

Drying pans are sometimes employed for sands. ;They are 
similar in principle to drying floors, but are on a much smaller 
scale. The pan may be of any convenient size and shape provided 
it is not too deep. It may be heated by a fire or by hot gases, *or 
even by steam passed beneath it, but if the heating medium is at 
a temperature much above 150° C. the pan should be fitted with a 
mechanical stirrer so g,s to prevent the sand from being seriously 
overheated. Such pans are seldom economical, and are used chiefly 
on account of the rapidity with which they can dry moderate 
quantities of sand, without much regard for the .cost of the heat 
used, or the labour employed. When large quantities of sand are 
to be dried regularly, pans are better replaced by some other more 
economical type of dryer. 

Drying troughs, heated externally, may be regarded as pans of 
special shape. The sand is agitated and gradually conveyed from 
one end of the trough to the other by means of an Archimedean 
screw, or preferably by a shaft carrying a series of inclined blades. 
The open trdugh allows a large amount of heat to escape and is 
preferably replaced by a cylinder (see later). 

Toupr dryers are tall structures which receive the wet material 
at the top and dry it as it passes slowly by gravity to the bottom. 
One of the simplest forms of this type of dryer consists of a tall 
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wooden tower on two opposite sfdes of which are a series of steeply 
sloping platforrfts which act as “ baffles.” The wet sand falls on 
each of these bailies in turn,, a,nd in so lining it meets an upward 
current' of hot gases from a furnace or other source of heat Mow. 
The tower must be so high* aiyl*the baffles so numerous that the 
sand is dry before it reaches the bottorq'of t be "tower. , 

A much m ofe rapid drying can be effected in a much smaller 
structure consisting of a#series of iryn pans or trays mounted one 
above another. The sand is fed into the uppermost pan, is carried 
slo\tly round it by means of a revolving scraper, find falls through 
an opening int& the pan 

below where it is similarly ( 

treated, and eventually ; ' 

reaches the bottom of the fl 

series. The heat yiuy lx* ^ 

supplied in the form of h A / 

hot gases, or still better, JJ f.f ;*M 

each parr m&y be heated I] l i \ 

by a separate gas-burner 11 j J ' j ^ l 

which ensures a much Jj l 

better application of heat J1 ij® ; ^ l 

to the sand, and with JJ \ 

care docs not cause any fj / g*-- j » l 

overheating. Such a yv / A 1 

dryer, made by Hardy & 7/ / mKW \ 

Padmore, Ltd., Worcester, J r/ J I 

and shown in Fig. Ill, is 

very, suitable for drying f^Y | M0& I«AjL 

sands for use in glass C/ 

manufacture and in 
foundries. 

A tower dryer used in 
America for sand - blast 

material consists of a series Hunt * * /Www "« 1A(I < wor*&r. 


of tiers of pipes through Fro. 111.— Tower dryer, 

which steam is passed at 

a pressure of ahput 00 lb. per sq. in. The wet sand is discharged 
from a bucket elevator on to the uppermost tier ; being damp and 
coherent, it remains there until it dries, after which it falls on to 
each lower tier in succession until, when completely dry, it falls 
on to a belt conveyor which carries it to the storage *bins. 

Drying cylinders are very economical where a largo amount of 
sand is to be dried. They consist essentially of a cylinder which 
may be vertical, horizontal or inclined , and either stationary, but 
fitted with revolving arms, or the cylinder itself may evolve slowly. 

A vertical drying cylinder is really a special form of tower dryer 
(p. 408) and is constructed in a similar manner. The cylinder is 
usually stationary, but contains a series of trays above whicn are re- 
volving arms, the arrangement being very similar to that in Fig. Ill* 
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A fixed horizontal cylinder dryet must Jbe provided with a series 
of revolving blades mounted on a central dia ft, fihe blades being 
inclined so as to stir the material anjl carry it gradually through 
the cylinder. The latter is usually heated externally. If the 
cylinder rotates it must be provided internally with a series of 
baffle^ which impart’ a* gradual forward movement to the material, 
and also lift it repeatedly and allow it to fall through the hot ghses 
which pass through the cylinder. This tyre of dryer may be heated 
internally, or both internally and externally ; »it is greatly improved 
by being slightly'mclined. . „ 

Inclined drying cylinders may be of either the fixed or revolving 
type, though the latter are preferable and more generally used. 
They have the advantage over the horizontal cylinders of requiring 
less power to drive them, and of being more compact and less 
expensive than some of the vertical ones, though a true comparison 
can only be made with reference to a particular sand dried to suit 
a given purpose. Inclined drying ..cylinders are usually heated 
both internally and externally, though those heated either internally 
or externally are in use and are quite satisfactory. The sand to 
be dried enters at the upper bnd of the cylinder and passes slowly 
along it, being raised and allowed to fall many times on its journey, 
until it passes out, fully dried, at the lower end. Care is required, 
especially with externally heated dryers, to avoid overheating ; 
this is less likely to occur with internally heated dryers, though its, 
possibility should not be overlooked. 

One of the simplest forms of dryihg cylinders consists of an 
inclined cylinder rotating on the outside by gearing and heated by 
gases from a furnace tub one end, which pass along the cylinder an ^ 
are drawn off by a fan or chimney at the other end. The sand is 
introduced by means of a hopper at the end of the cylinder farthest 
from the furnace, and is carried by tfye rotary motion of the tube 
to the other end, where it falls into a receiver. Projections or 
baffles are fitted to the lining of the cylinder so as to break 
up the sand, lift it up repeatedly, and render the drying more 
effective. 

A more complicated dryer is the Ruggles-Coles dryer shown in 
Fig. 112. It consists of two concentric steel cylinders capable of 
revolving about their slightly inclined common axis. The cylinders 
are connected at the middle by means of cast-iron arms, and at 
each end by means of adjustable arms. The inner cylinder projects 
beyond the outer at the upper end, and passes into a stationary air 
chamber which is connected to the hot-air flue of the furnace. The 
lower end of the cylinder is also connected by means of an opening 
in the bottom to a second stationary air chamber, which is provided 
with a damper in order to regulate the temperature. The hot 
gases are drawn by means of an exhaust fan through the inner 
cylinder; and then back through the annular space bet^pen the two } 
cylindefS, and finally brought through the flue leading to the fan. 
The sand is fed through a shoot into tlje space between the twd 
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cylinders, and as the dryei revolves the sand is lifted by means of 
scoops attached Jbo tlta inner surface of the outer cylinder and the 
outer surface of the inner cvjmder, and foils frorti the surface of one 
cylinder to that of the other, this process being repeated as the 
sand travels to the lower end of the dryer, wh^re it is discharged in 



a dry state. This type of dryer has been largely used for drying 
sand for glass and chemical manufacture. 

The rotary dryer made by Manlovo, Alliot & Co., Ltd. (Fig. 
113 ), differs from that just described, inasmuch as the gases first 
pass around the inner cylinder containing the sand to be dried 
and then through the cylii^ler to a fan discharging into a short 
chimney.*, * 

In the rotary dryer made by Ord & Maddison, Ltd., Darlington, 



the cylinder is suspended by endless steel chains from a shaft above 
and is driven by the frictional contact of the chains with the cylinder. , 
The cylinder is provided with the usual scoops to-ldt thewndand f 
eany it fmjprara and'is I 


eu witu wic inouwa 7. 

i heated externally, and also by a bjgst of air 
UV 4M — r- — rati< 

tadinally through the cy 


neaieu 
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useful for expelling the steam and for preventing Condensation*, but 
unless a catcher or trap is provided, much 6>i the finest sand will 
be lost if a powerful blast t>f air is used. The dryer has been used 
very satisfactorily foi» drying sandstone previous to grinding it, as 
such treatment reduces the cost of‘gjrinding. 

A # good rotary dryer is* somewhat costly to instal, but if well 
designed and sufficiently long to utilise the heat 'properly, it •will 
soon pay for itself in cases where there i*, a sufficient quantity of 
sand to keep it fully employed. n 

In order to olftain the best results from a rotary dr^er, which is 
probably the most efficient type available for largfc outputs, it is 
most important to take the following precautions : (a) The sand 
must not be overheated if it is to be used for foundry work, or for 
other purposes where a moderate degree of plasticity is required. 
(6) The temperature of the gases leaving the dryers should not be 
hotter than is necessary, or much wasted of heat will result. ( c ) If 
the dryer is not heated externally j,t should be well lagged with 
good insulating material, or much heat will bo lost, "(d)* A fan is 
preferable to a chimney for creating the necessary draught, as the 
latter can be much more accurately regulated with a fan. (e) The 
sand must be brought into the most intimate contact possible with 
the hot air, in order to ensure that the air is being used with the 
greatest economy ; this is effected by suitably designed baffles or 
scoops and by keeping the cylinder as horizontal as possible, con- # 
sistent with a sufficient forward movement of the material. (/) 
The material should be supplied to the dryer in small quantities at 
very frequent intervals, rather than jn larger amounts at longer 
intervals. ( g ) The dryer must be large enough and long enough to 
do its work properly ; short dryers are seldom efficient’ so far as 
fuel consumption is concerned, (h) The fuel must be fully burned, 
as partially burned gases involve d serious waste of fuel. » 

By taking sufficient care to observe these precautions, the 
maximum output may be obtained with a minimum expenditure of 
fuel and labour. 

Sundry Dryers . — Various appliances may be used for drying 
small quantities of sand, especially where there is little risk of 
damaging it by overheating. Thus, in some works* the sand is left 
in any convenient warm place until it is dry. 

A simple device, much used in American foundries, brickyards, 
and glass-works, consists of a small coke stove surmounted by an 
iron cone from \he top of which projects a short chimney, the total 
height being about 3 ft. Around the cone and chimney is a cylinder 
of perforated ateel, 3 ft. in diameter. The wet sand is placed in 
the cylinder and is stirred occasionally with a long poker. As it 
dries, the sand separates into individual grains, and these pass 
through the 1-in. perforations in the cylinder and accumulate in a 
tray around the base of the furnace, from which it may he removed 
with a rooop. This dryer is not economical in fuel, but for drying 
a few hundred pounds of sand it is by no means extravagant, and 
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it is 80 simple to # usetan<i*8o strongly built as to do its work with 

little trouble or # %ttent\m. 

Effects of Overheating Drying.— For rilany purposes the 
temperature attained by sand enuring the dicing process is of no 
importance, but for foundry work, and less frequently for some 
other purposes, care must be taken to /void an excessive tempera- 
ture" This is chiefly due to the fact that some materials known as 
“ sands ” ar6 in reality tnixtures of# sand and clay, and for their 
effective use the plasticity of the clay present must not be destroyed. 
As such destination is readily effected by heating # to a temperature 
much exceeding 120° C. (2f>0° F.) the dryers used for such “ sands '* 
must not expose the sands to a higher temperature than that just 
mentioned. 

Since any temperature below a rod heat is not likely to damage 
a sand which is fr<w from day (e.<y. most washed sands), it is usually 
more economical as well Iks more speedy to work the dryer at a 
relatively high temperature, «s ft smaller quantity of air or hot 
gases win then suffice to carry off the moisture in the sand. 


CONCENTRATION BY WATER 

Concentration forms part of the treatment of metalliferous 
sands, and consists in the removal* of the siliceous material from 
the heavy minerals prcscift. Some of the processes are similar 
in many respects to “ washing '* (p. 384), though the presence 

of tlje heavier particles renders some modification necessary. In 

many cases, a preliminary washing is desirable to remove the clay 
and “ dirt ” adhering to the sand ; this washing is effected in the 
same manner as for ordinary sands (p. 384). • 

The principal washers used are sluices (p. 380), log washers 

(p. 386), mud-wheels (p. 386), wash mills (p. 388), and rotary 

washers (p. 389). „ 

In washing, the lighter and smaller particles are removed by 
the water, but in concentrating, the particles of higher specific 
gravity are retained whilst those of lower specific gravity are 
carried off. In washing, separation is largely based on the size 
of the particles, but in concentrating, their s]>ecifie gravity is the 
important factor. # 

Panning.— The simplest method of concentrating metalliferous 
sands, such as those containing gold, consists in panning as described 
on p, 256. The pans usually employed are about *18 in. across 
the top and 10 jj in. at the bottom, and hold about 20 lb. of material. 
A man will work 75-150 panfuls or J-l eu. yd. of* material per 
day ; 100 panfuls or 18 cu. ft. is a good day’s work. This method 
is, of course, slow and is only used for prospecting, mechanical 
appliances being used for washing the material on a large scale. 
Buddies.— A very old method consists in using a buddle, which 
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may be either rectangular or circular. "A box-huddle (Fig.* 114) 
consists of a rectangular trough 10-15 ft. lang, ft. wide, and 
l ft. 6 in.-2 ft. 6 in* deep, Inclined at gn angle of 4-10 degrees! At 
the top is a head-b<5ardU5-20 in. wide, inclined at an angle of 
15-20 degrees, and .fitted with projecting pins to distribute the 
slurry over the surface of the buddle. The material to be treated 
is mixed with water and allowed to flow down the^buddle ; difling 
its passage it is agitated by labourers with long rakes, the heavy 
minerals collecting at the top of the incline' and the lighter ones 
at the bottom. * Rectangular buddies are similar to sluices, hut 
are much wider. 5 

'A circular buddle (Fig. 115) consists of a shallow circular pit, 



Fio. 1 14. — Rectangular or box buddle (section and plan). 


with a raised centre, having a depression or cup in the middle. 
The floor of the pit slopes away gradually at an inclination of 
8-10 degrees, and is surrounded by a gutter or lauFder. The sand 
and water is poured into the cup in the centre of the buddle and 
gradually overflows down the sloping bottom of the pit. A 
number of brushes suspended over the buddle, revolving at 
10-12 revs, per min., spread out the material as it overflows, and 
prevent the particles from settling too rapidly. In this way the 
heavy particles settle near the upper end of the slope, whilst the 
lighter grains of quartz, etc., are carried to the bottom and collected 
in the gutted, from which they are removed at intervals. The 
operation is continued until about 9-12 in. thickness of material 
has collected on the table. The material is then separated by 
drawing concentric rings and digging out the material between 
each ring separately. If the sand is deposited too rapidly at the 
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upper end of the ^abjg th* slurry should be supplied to the table 
in a thinner sli^or should be supplied more quickly. If, however, 
it collects too quickly at the Jower end of the table, the slurry may 
be too thin or is being supplied at too grebt. a rate. A round 
buddle 18-25 ft. in diameter, the arms of which make 5-10 revs, 
per min. will have an average output yf cu. ft. per min* will 
carry 28-56 lb. ft material, and will require three to ten hours for 
each batch ofr material. • • 

Some circular buddies are concave instead of being convex 



Fio. 115. — Circular buddle. 

and cause the heavy minerals to collect at the* circumference, 
whilst the lighter grains pass to the centre. SucTi buddies are 
useful for treating materials from which the greater part of the 
ganglia has been removed by partially concentrating them in a 

convex buddle. , t ^ . * . 

Sluicing is a very simple method of concentration. A sluice 
is a wooden or iron trough, about 12 ft. long and 12-24 in. wide, 
flhrftd at an inclination depending on the character of the material, 
but usually between 1* in. and 21 in. per 12 ft. The slurty, com- 
posed of sand and water, is fed in at the upper end of the trough 
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and flows down the incline, the heavy particles Settling at the top 
and the lighter ones being carried to the lower eptl of the trough. 
For treating sand* of 30-40 mesh a pluice box about 2 ft. wide, 
with an inclination df 1J in. in 12 ft., is usually satisfactory, but 
a sand of about 4-(j mesh requires .a slope of about 3 in. in 12 ft. 
Some rough measurement?* have shown that the output varies 
as the 1*75 power of the slope. *’ • 

It is customary to make Xhe sluice boxes 1 ft. wide for each 
2 cu. yds. of material treated per hour, and to supply 3000 gall, 
of water por cu. f yd. of material, when the slope of the sluice dox 
is 6 in. in 12 ft. The output varies so greatly that no reliable 
figure can be given, though it is customary to state that a long tom 
or short sluice can deal with 3-10 cu. yds. of material per day. 

Sloping Table Concentrators are of various patterns. One type, 
termed the sweeping table , consists of a table 1£ ft. long and 4 ft. 
wide, inclined at an angle of 10-12 degrees for coarse sand and 
5-6 degrees for fine sand. The fllur^y is allowed to run down the 
table for four minutes, and the residue is washed by passing water 
over the table for two minutes, after which the concentrate is 
removed. Such tables have a capacity of 4-30 cwts. per twenty- 
four hours. In some cases the tables are covered with a blanket 
or sheet of canvas on which the concentrated material is collected. 

The cradle or rocker type of concentrator consists of a box with 
a working surface about 40 in. long by 16 in. wide, the depth,, 
varying from 12 in. at one end to zero at the other. Across the 
box or table are riffles or baffles aboi/t J in. high. The material 
to be concentrated is introduced into,.the deep end of the box and 
a stream of water is poured over it, whilst the box is given a rocking 
motion from side to side. The particles are carried along by the 
water, the heavier ones being caught by the riffles, whilst the 
lighter particles are washed away. With a good rocker and suitable 
material 2-3 cu. yds. of material can be treated per day and about 
90 per cent of the heavy particles retained. 

Rockers are largely used in connection with placer or alluvial 
gravels and sands containing gold. For this purpose it should 
be longer than the ordinary mining rocker and inclined less steeply. 
A strip of Brussels carpet fixed on the floor of the rocker enables 
the fine gold to be retained more easily. 

The percussion table concentrator consists of a shallow, suspended 
* trough, 9-12 ft. long and 4-5 ft. vide, inclined at 5-8 in. per 6 ft. 
for fairly coarse sand and 2-3 in. for very fine silty materials. By 
means of a crank the table is moved forward $-4 in. and is then 
allowed to fall back against a stop, this motion being repeated 
twelve to eighty times per minute, thus causing the heavy particles 
to be concentrated at one end of the table, from which they may 
be removed when a sufficient quantity is deposited. 

A modification of this method of washing metalliferous sands, 
called tossing or tozing , consists in stirring the partially purified 
material with water in a tub about 30 in. deep, 48 in. diameter 
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at the top and 42*in. At tl*e bottom, and then allowing it to settle, 
whilst one or ^re nimmers deliver eighty to one hundred and 
fifty blows per minute on thj outside of* the tub. After the whole 
of the heavy materials have settled, the supemhtant liquid is poured 
off, the upper layers of materiaf being discarded, as they consist 
almost entirely of light minerals, the hi$vy minerals having settled 
first? Tfie process may be repeated as often as it is necessary 
for the purification of the sand. This type of concentration is 
chiefly used in separating tin from crushed .rock or from tin-bearing 
sands. * • 

The devices described above are all intermittent, and they must 
be stopped at intervals in order to remove the material collected. 
Where a large output is required it is preferable to employ a con- ,, 
tinuously acting separator, as this secures a greater output in the 
same time without impairing the quality of the separation. 

Revolving buddies are ‘similar to the fixed buddies already 
described, except that the tqble* rotates and the slurry is only 
supplied to about half tho table, the remaining section being used 
for wash water! The tailings flow down one- half of the table, 
the “ middlings ” flow over the next third, and the “ headings ” 
are cleared on by fixed brushes or jets of water just before each 
revolution of the table is completed. Each portion so removed 
passes into its own division of the outside receiver. Buddies of 
^-his kind are rotated in one to five minutes. A buddle 10-10 ft. in 
diameter will deal with 6-8 tons of sand in twenty-four hours, 
and requires about 15 eu. it. of water per min. When treating 
very fine material only about .8 cu. ft. of water per min. are required, 
and Jhe output is 2-8-3-fi tonH per day. ^Concave buddies are 
sometimes employed, the slurry being supplied over about one 
quarter of the circumference. 

•A revolving buddle 15-25 ft. fliameter, with the arms making 
i-1 rev. per min., will deal with U-3 cwt. of “ pulp ” per min., 
carrying 4-7 lb. of solid matter per cu. ft. of pulp. The power 
required to operate such a buddle is J-l £ h.p* 

Side - percussion tables are inclined tables similar to those 
previously described, either with or without riffles, and sloping 
at an angle of abput 6 degrees for sand and 3 degrees for fine slime. 
The material is supplied to the table at one comer, whilst the wash 
water flows down the rest of the tabic. In the Rittinger apparatus 
the table is struck at the side by means of a cam motion about 
70-80 times per min., the table being moved about 2$ in. at each 
blow when used for sand or |-l in. when used for slime ; the 
knocking causes tho material to be spread across the table according 
to its specific gravity, and it is then carried down the table by the 
wash water, being guided by baffles into different rtsceivers. In 
the Liihrig table (Fig. 116) a greater number of smaller knocks 
are given, usually about 150-210 per min., the movement being 
4-1$ in. A belt is fitted over the inclined frame, moving lb right 
an glftn to the dir ection of the water, the slurry being supplied to 
MOL . I 
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one end of the belt and wash-water to •thereat. A Ltihrig con 
centrator with a belt surface 12 ft. by 3 ftr6 in. 0 travelling at the 
rate of 8-12 ft. pef min. and struck^ 160-180 blows per min., has 
m output of 2-8 toifs per twenty-four hours. It requires 14 h.p, 
x) operate it. • . • 

The Wilfley table (iPig. M7) consists of a rectangular table tilted 
to that the material flows diagonally across it, the sand and ^ater 
jeing poured on to it at one corner. ThQ upper surfhce is covered 
vith linoleum, ^n which strips of wood ara nailed so as to jomi 
•iffles or baffles designed to aid iti separating the, grams of heavy 



Fig. 110.— Ltihrig table (section and plan). 


minerals. Near the comer, where the slurry is fed on to the table, 
the riffles are short, whilst on the opposite side they stretch nearly 
to the lower, end of the table. The riffles are about § in. deep 
at their upper ends and taper to nothing at their lower ends. The 
table is struck at the,, rate of 24 strokes of jj-1 in. per min. ; this 
causes the tarious minerals present in the sand to arrange them* 
selves during their passage across the table according to their 
specific gnmties. This separator is chiefly suitable for particles 
between 16- and 30-mesh. The usual output is about 1-2 tons per 
hour, ^or a table 16 ft. long, 6 ft. tfide, tapering to 3 ft., with about 
240 strokes each | in. long per min. About 1 h.p. is required 
to operate it. ^ 
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urooves are uWtinstuad of riffles in the table of the Card 
Concentrator , it ^>eing* claimed that they arc more advantageous 
for rough concentration. , * • 

The chief difficulty with they tables is that small particles of 

S h specific gravity tend to 'act* in the # same way as larger particles 
ow specific gravity, so that some of the material is lost, especially 
as ill many sands the high specific gravity particles are usually 
smaller than those of lower specific gravity. This may be largely 
avoided by screening the particles so as to ensure all those on the 
table at any, one time being sufficiently uniform in size. 

In Brazil, monazite sand is first treated by the wet process and 
afterwards magnetically concentrated. 

Tin and tungsten placers are often treated on tallies of the, 
Wilfley type. 

In some percussion tables, the blows are applied to the lower 



end of the table instead of the side, so as to drive the material 
upward, whilst the descending water washes.the finer grains away. 
In such tables the heavy particles gradually mount upward and 
are discharged over the top of the table. This type of table is 
suitable for material between 4Q* and 80-mesh. The Gilpin County 
Concentrator is of this class, and is about 7 ft. long and 18 in. wide, 
the lower 5$ ft. being flat and sloping about H in. per ft., whilst the 
upper part is concave so as to receive the concentrated material, 
litas table receives 120-180 shocks per min., the amount of move- 
ment being 1J-3 in. 

Vanners consist of endless belfa which slope slightly? the material 
travelling upwards, whilst the water flows downwards and carries 
away the lighter particles. The belt may be pulsated either by 
end or aide percussion. 

The Frue vanner (Fig. 118) is a sidc-percussion concentrator, 
about 4 ft. wide and 12-27 ft. long, with a slope of in. per ft. 

moves at the rate of 2-7 ft. per min. and is struck 180-200 times 
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per min., with a movement of 1 in. This /machine only requires 
J-f h.p. to drive it, and is capable of separating 5-JO tons of material 
per twenty-four hdurs, using 1-3 galjqns of water per min. 

Jigs may be used for particjes over in. Very fine grains 
are not readily separated by Jigs on ' account of the excessive amount 
of friction between the grains and their tendency jto form compact 
masses, which only break up with difficulty. For this reasoifi fine 
grains are best treated in some other form of concentiator. 

It is preferable for the material to be graded or sized to some 




extent before it enters the jig, as the latter separates the grains 
according to their specific gravities, and if grains of numerous sizes 
are present, large particles of low specific gravity may act in the 
same way as small particles of high specific gravity and only a 
poor separation will be effected. 

A jig consists of a screen of brhss wire or perforated steel plate, 1 
upon which $he material to be treated is placed so as to be subjected 
to alternate ascending and descending currents of water, which are 
produced either by a piston which forces the water to rise and fall 

i Steel should not be used when sulphides are present, as any oxidation 
of the latter with the formation of sulphuric acid would destroy the steel* 
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through tke sieve fFi^. 12v*), or By reciprocating the sieve vertically 
in a chamber containing water (Fig. 119). Where the sieve moves, 
the amount of movement varies from in. fora fine material to 
3 in. for a coarse one, and tne number of movements per minute 
varies from 150 for fine to lj)0 for coarser particles. Movable 
sieves are generally used in jigs worltjti bv Hand, but the more 
modem power jigs are usually fitted with stationary sieves, the 
material being agitated k) T the motion of the water. For such jigs 
the size of the sieve is suited to the output required, and is generally 



• 

2-4 ft. long and 1-3 ft. wide, anti is mounted 12-18 in. below the top 
of the hutch. The depth of solid material on the sieves of a jig 
concentrator is usually about 4 in. Whore very fine material is 
being treated in a jig, a bed of material having about the same 
specific gravity as the fine material is necessary to prevent the fine 
material from falling to the bottom of the jig and baing lost ; for 
coarse particles this is not essential. 

The piston for agitating the water is usually plaeed^in a chamber 
alongside the jig- with a baffle wall 7-12 in. deep between. The 
piston should not fit tightly, but should have {4 in. clearance all 
round. The oscillations may be perfectly regular, or thereraay bo 
a rapid downstroke and a slow upstroke, as in the Collom jig. In 




Fra. 120. — 3ig concentrator (longitudinal and cross sections). 
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y v in. diameter, in ,tfiis. iig a Specially thick layer of material is 
kept on the sieve. H’ 

The water chamber or “ hutch ” containing the sieve may be of 
wood, wrought-iron sheets, o? if cast iron, the»first being cheap but 
liable to decay, and the last rathcf heavy, but otherwise satisfactory. 
The shape of the hutch varies ; a pyramidal or tapering hu^ch is 
very convenient, $s it brings the deposited material to one point, 
from which it can readily be removed periodically. This form of 
hutch is used in the Bjiharz and various other jigs. 

The action of a jig is as follows : When the particles are sub- 
jected to the ascending and descending currents of water, they 
arrange themselves according to their specific gravities and form a 
series of beds with the lighter materials above and the heavier ones 
below. In this way the heavy metalliferous grains are separated 
from the lighter siliceous material. The removal of the separated 
grains may be effecled in two ways — (a) the light grains may 
over a “ gate/’ in the side of the chamber, whilst the heavy grains 
collect on* the sieve or pass across the sieve and are removed through 
a second apertu.e at a lower level than the tailings gate ; or (6) the 
heavy grains may pass through the Sieve and be collected in the 
water chamber, whilst the lighter grains or tailingH are removed 
over a gate above the sieve as before. 

The effectiveness of a jig depends on (a) the quantity of the 
material to be treated at a time, its density and t he size of the grains, 
as well as the ratio between the diameters of the largest and smallest 
particles; (6) the supply of Vater and its relation to the amount of 
pulp treated ; (c) the rate of oscillation of the water or the amplitude 
of oscillation ; ( d ) the speed rff the upward aryl downward currents ; 
and (e) wlfether the jigging is through the sieve or over it, and, in 
the former case, the nature of the bed, its depth, and the size of the 
particles composing it. * , 

Table LXXII., due to T. Sopwith, 1 gives the particulars of the 
jigs used for grains of various sizes, the jigging being effected wet 
the sieve. • 

Table LXXII. Data fok J km* 


Diameter of Particle.?. 

Oscillation 1 st 
Minute. * 

Depth of Oscillation. 

y- 

QuanUty treated 
per 10 hr. 



Ins. 

owl. 

* 0*4 -0*28 

90 

21 

• 244 

0-28-0-2 

86 

2 

220 

0-2 -01 

84 

If 

112 

01 -0 06 

82 . 

1 

• 71 


• 


The amount of material dealt with in a jig concentrator depend 
6n the area and especially on the width of the sieve. Outputs froi 


» Proc. Inst. Ckem. Eng. xxx. 100. 
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(M5-9-6 tons per sq. ft. per twenty-four, hc^irs *hmy be obtained, 



4 

Fig. 121,— Ore table. 


0*5*2 tons being the average. About h.p. is required for a 
one-sieve jig, and an extra £ h.p. will usually be needed for each 
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CONCENTRATION BY FLOATATION 

additional sievo. •The amount ftf water used varies considerably, a 
three-sievo jig rsquirifej about 34,000 gallons per twenty-four hours. 

If desired, jiffs may be worked in series, the material from one 
jig being discharged into a second or third sd as to secure a more 
effective separation. 

The ‘arrangement of the various 'irtaohines required foi; eon- 
(filtrating a sand pr crushed rock containing only a small proportion 
of valuable mineral is shown in Fig. 121, which represents those 
used for dealing with pn ore containing only 2 per cent of copper. 


CONCENTRATION BY FLOATATION 1 

Concentration by floatation is based on tin* fact that many 
substances when in the form of powder will float on water, although 
they have a highewqiecifiri gravity than water. Nor is it necessary 
that the solid particles should be coated with a film of grease ; 
though speh.a film will usually increase the float ability. 

The various^ floatation processes may be subdivided as follows ; 

1. Oil floatation, utilising differences of surface tension in an 
oil-water medium where the particles are buoyed up by oil. e.g. 
First Elmore process. 

2. Film floatation, utilising differences of surface tension on 
particles at an air-water interface, e.g. Do Bavav and Maequisten 

" processes. 

3. Adhesive processes, utilising* differences of surface tension 
between particles of oil and grease, causing differential adhesion to 
oiled or greased surfaces, e.§. Murex and Cattermole greased-plate 
processes.* 

4. Froth floatation, utilising differences of surface tension at 
gas-water interfaces, where the particles are buoyed up by bubbles 
of gas. 

(a) Where the bubbles are produced by chemical action, e.g. 
Potter and Del prat processes. ^ • 

' (6) Where the bubbles are produced bv releasing the air 

dissolved in water, e.g. Elmore vacuum process. 

(c) Where tjie bubbles are produced by mechanical means, e.g. 
Minerals Separation, C allow', .laney, K. & K., and Rork 
processes. 

Each of these processes has its own sphere of -usefulness, but 
for sands and the like containing only a very small proportion of 
valuable material, the surface area of water or oil required to float 
any particles of metal or ore i* so enormous in proportion to the 
weight of the material to be floated that, instead* of the water 
surface being horizontal, it is much more convenient if it is divided 
into a multitude of hollow cells, as in a froth or foam. Ttrproduce 

x According to the Oxford Dictionary, the customary method of spelling 
t.hi fl word — ** flotation ” —is “ etymologically unjustifiable.’ * 
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this froth commercially it is necessary tq adcLgnmll quantities of a 
suitable substance such as soap, saponin, an$balcoiiol f certain oils 
such as turpentine* and eucalyptus^ aromatic compounds such as 
camphor, certain benfcene derivatives *Aich as aniline, cresol, phenol, 
and many other substances. * 

When to water ^Vhich has acquired the property of foaming is 
added a mixture of ore and* quartz or other silicqons matter, and a 
foam or froth is created by shaking or o£her means, the ore will 
float more readily than the quartz, so that € a separation will be 
effected. i • 

The froth usually requires to be stabilised by the addition of a 
saturated hydrocarbon such as paraffin oil, which enlarges* the angle 
of contact between the air-liquid surface and the water-solid surface. 

The quartz may be rendered still less floatable, and its separation 
from the ore improved, by the addition of a little sulphuric acid, 
soda, sodium silicate, or some other salt. “ 

Hence, on using floatation as a means of separating certain 
minerals from the gangue (quartz, etc.) in a sand, there are three 
factors to be adjusted relative to one another — (<t) the cresol or 
other froth-producing substante ; (6) the paraffin oil or other froth 
stabiliser ; and (c) the acid which reduces the floatability of the 
gangue. Sometimes one agent will discharge two duties : thus, 
sulphuric acid not only deflocculates quartz particles and renders 
them unfloatable, but it increases the floatability of zinc blende, 
whilst sodium silicate behavep similarly with regard to copper 
sulphide ores. Eucalyptus oil, oleic afcid, turpentine, and many 
other oils act both as froth-producing agents and froth stabilisers. 

The proportion an<J nature of the 'salts in the water .used also 
affect the results. Thus, if soap is used the water must be soft. 

There is no general rule that ores are floated and gangues 
unaffected ; almost any substance can be made to float if suitable 
chemicals are used, and the problem in each case is to find what 
agents will most effectively separate the substance which it is desired 
to float from the others which are present in the crude sand. 

The proportions of r reagents required are usually quite small ;* 
indeed failure more often occurs from using too much than too 
little. About 3 lb. of oil, up to 20 lb. of acid, or 3 ; 4 lb. of sodium 
silicate per ton of ore, is all that? is usually required. 

The sand or crushed rock is mixed with about four times its 
weight of water and agitated by rotating blades. During the 
agitation the reagents are added, and after sufficient mixing and 
aeration the frothing liquid is transferred through an aperture 
in the side of the vessel to another vessel containing still water. 
Here the bubbles loaded with mineral particles rise and form a 
froth which isi removed, whilst the particles of gangue sink to the 
bottom, and may, if required, be carried into another vessel for a 
repetition of the treatment. 

The Efficiency of the process is such that 90 per cent of copper 
sulphide in an ore containing only 0*5 per cent of this material can 
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be recovered on ft cpmitoieial Vale. The process is particularly 
useful for ores^arid sfedl of very low grade, which could not be 

• concentrated economically bj any other tnelhdd. 

In* the use of floatation as a method of ‘separation, practical 
procedure has outrun scientific^ knowledge, so # that whilst a large 
number ‘of papers and several book.4 § hav») llcen written op the 
practical aspects 4 of the subject, the scientific side has been largely 
neglected. Many of tha statement** made in explanation of the 
underlying principles flo not bear the test of experiment, and until 
thefe is m<jjre consensus of opinion on the precise nature of tho 
underlying principles, no brief yet comprehensive explanation of 
them can be given. It does not appear certain, however, that 
when a substance has been defloeeulated or reduced to a state 
in which it will remain suspended in water it can no longer float 
on the surface. Qn the other hand, flocculated substances will 
float if the aeration is sufficient . Hence, all floatation problems 
resolve themselves eventually into the flocculation and aeration 
of the substance it is desired to float ; thus, flocculation is effected 
by the addition'’ of a chemical substance which must depend largely 
on the colloidal character of the ml balance under consideration. 
The aeration is similarly effected by the addition of a suitable 
froth stabiliser as well as bv the use of suitable mechanical means. 
The deflocculation of the gangue must be brought about by another 

* reagent, which, like the one used for flocculation, must depend on 

the chemical and physical projierties of the substance on which it 
is to react. » 

When once the 4 necessary conditions as regards the reagents 
to employ and the proportion of each have been determined for 
any given* material, the process of concentration by floatation is 
a simple matter. 


CONCENTRATION BY AIR 

Concentration by air is sometimes used for dry*materiai, the 
air being used either as a continuous bias# or in a succession of 
gusts. For the former, an air separator is used. 

The purification of sand by means of a current of air, especially 
in connection with an air separator (p. 460), is seldom possible 
when day is present. Fine particles of a non* plastic; nature 
may, however, be efficiently separated by this means, as a current 
travelling at f the rate of 44 ft. per sec. will stir up the sand and 
carry off all the particles less than 0*1 mm. diameter. Larger 
particles can seldom be separated efficiently by mean# of air. 

A pulsating air separator * is often used for concentrating 
metalliferous sands. A dry concentrating table, in* which air is 
used, consists of a table under which is an air-motion blower, which 
causes air to enter the table from below and pass through a nervious 
doth top, forming an air film under pressure on the upper surface 
erf the cloth. This air film causes the minerals to arrange them* 
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selves vertically in order of their* specific gravities, the heaviest 
being at the bottom. A reciprocating motion itf also imparted 
to the table, which? causes*the minerals to arrange themselves into 
zones. This method? has* been used for concentrating monazite 
sands in Travancore k , 

Although air sepaqitor& ( (p. 406) may also be used for* concen- 
trating heavy minerals, they are chiefly used for gliding or sizifig.* 

. « * 

l&AGNETIC CONCENTRATORS, 

Concentration by magnetic means is often both cfieap and 
efficient. Magnetic separators may be divided into 

(a) Lifting separators. 

(b) Retaining separators. 

(c) Deflecting separators. 

In each case the separation depends on the fact that soirfe substances 
are more readily attracted by a magnet than others. 'Table LXXI1I. 
shows the maxima of magnetic susceptibility of various substances. 


Table LXXIII. — Maxima of Magnetic Susceptibilities of 
Various Substances, by Volume, in C.G.S. Units 1 


Material. 

« Locality. 

Magnetic 

Susceptibility. 

Soft iron 

Magnetite (pure crystallised) 

Magnetite 

Magnetite 

Magnetite 

Magnetito (altered carbonate, 
impure) 

Red Haematite .... 
Red HaematiW (crystallised) 
Specular Haematite . % . 
Specular Haematite . 

Brown Haematite 

Brown Haematite (pure crystal- 
lised) 

Franklinite 

Franklinite 

Ferrous sulphidg .... 

Spathic ore 

Clayband 

Impure carbonate ore 

Umenite . ' . 

Monazite 

Zircon . . * 

Pleonaste 

Gahnite 

«. 

Piedmont 

Hay Tor, Devonshire 
Altenfjord, Norway 

Lahe Champlain, U.S.A. 
Bettwys Garmon, Car- 
narvon 

Cumberland 

Nova Scotia 

Nova Scotia < 

* • 

New Jersey 

New Jersey 

Artificial 

Northamptonshire 

India 

Travancore 

Ceylon 

400 

3*12 , 

1*44 

0-27 

0-234 

006 

0-00073 

0-00017 

0-00106 

0-0006 

0-00042 

0-00011 

0-0037 

0-00263 

0-064 

. 0-000559 
0-00069 

0 00066 

0 00147 
0-000069 

0 00000065 
0-000102 
0-000064 


» Duo to E. Wilson. 
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The susoeptiUllitfes coiftmon non - ferrous minerals — e.g. 
mica, quartz, i^lspar* calcite— are less than (MX)0001 ; those of 



M’w. Hoh H on, Ltd., liurnirm. 
Fi({. 122. — Magnetic separator. 


“strongly” magnetic minerals are greater than 0*001, “feebly” 
magnetic minerals between 0*001 and 0*0001. 

A Lifting separator consists essentially of a magnet which can 
be passed amongst the material to be separated in such a manner 
that the magnetic particles adhere to the magnet and are 
removed .along with it wheif t he 
magfiet i8 withdrawn from the 
material. This method is quite 
suitable for very small quantities* 
of material, but it is too slow to 
be used for large quantities. 

A Retaining separator usually 
consists of either 

(a) A chute or inclined trough, 
in which are a t number of mag* 
nets which retain certain of the 
particles passing dow n the trough 
whilst the remainder pass along 
and are separated. The appa- 
ratus must be stopped at inter- 
vals in order that the magnetic 
material may be removed froAi 
the magnets. Figs. 122 and 123 
show an apparatus of this kind 
in which the magnets are in the 
the trough, so as to disturb the water and secure anVflective 
separation. For cleaning, the flow of material is stopped and the 





Wm. IhuUon, Ltd., Hurtltm, 
Fig. 123. — Magnetic separator. 

form of a series of baffles across 
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electric current switched off. The* magnetic /particles can tnen be 
washed down with water and the apparatus staffed again in .less 
than five minutes, • • 

(6) A drum or ]Julle/, formed 61 a series of magnets, which 
rotates whilst the material to l5e, treated passes over it. The 
attracted particles adhpre dptil the drum has reached a prearranged 
part of its revolution, when the electric currwft which cr^htes 
the magnet is automatically shut off, ant 1 , any adherent particles 
then fall away into a suitable receiver. As the drum continues 
to revolve the electric current is again applied automatically and 
the drum again becomes a magnet. Instead of one magnet, a 
large drum with several magnets on its circumference may be used. 

In some cases, instead of allowing the mixed materials to flow 
directly over the drum, they are carried on an endless belt, the 
magnetic drum serving as one of the pulleys, /is in the Ingranic 
Separator (Fig. 124). This arrangement 4 works in a similar manner 


•\ 

it, . 


i 


Sltclemnt Engineering Co., Ltd., London. 

Fig. 124. — Ingranio magnetic separator. f ‘ 

to the magnetic drum just described, but the use of a belt is some- . 
times more convenient. Another separator of this type is the 
Wetherill Separator (Fig. 125), which has three electro-magnets, one 
of which fonfft one of % the pulleys supporting the belt upon which 
the material to be separated travels. The magnetic grains are 
carried round the pulley and fall into one receiver, whilst the non- 
magnetic particles shoot forward and fall into a second compartment. 

Further classifying into strongly magnetic and weakly magnetic 
materials may be carried out by the use of two cylinders, the , 
second having a higher speed or a weaker magnetic field. This 
method is employed in the “ Monarch ” separator, in which the 
material falls on to the first cylinder and is separated from the 
magnetic material. Just as the latter falls from this cylinder it 
is caught by the magnetising zone of the second cylinder, but only 
the strongly ihagnetio particles are able to be held, and so a further 
classification into strongly and weakly magnetic particles is effected. 

A machine of this kind with cylinders 2 ft. diameter, the first 
revolving at 40 revs, per min. and the second at 50 revs, per min.* 
will separate 15-20 tons per hour of material between 15- and 20-meeh, 
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the jkwci .dquwft Deingsibout* 1-1 J h.p. for the magnets of each 
cylinder and J-jji.p. rar rotating the cylinders. 

A similar separation be effected by *using a horizontal 
cylinder which revolves betvVeei} the two pofes of a fixed electro- 
magnet, these poles surrounding the greater part of the cylinder. 
The point of strongest attraction will* be pxactly on the centre 
Ifne through the •magnets, and the point of least attraction will 
be at the Icfwest poinUto which the material is carried by* the 
revolving cylinder. Thus, the stronger the magnetic properties 
of the mattfria^ the further will it be carried itmnd, and so by 
arranging hoppers in suitable positions beneath the cylinder the 
material may be divided into several groups each of a different 



iftgnetic intensity. This arrangement is ^adopted in the Inter- 
ational Separator. 

Deflecting separators are those in which some of the material 
i drawn aside by the magnets and so separated from the remainder, 
he simplest separator of this type consists of a narrow inclined 
ible or trough, down the sides of which are fixed a series of magnets. 
ib the material flows down the trough the readily magnetised 
articles are deflected and adhere to the magnets. Rotating 
rum magnets, such as those described on p. 430, are sometimes 
egarded as deflecting separated. 

In all magnetic separators it is important (a) to tse sufficiently 
trong magnets — preferably electro-magnets, as their intensity is 
inder better control ; (6) to allow the material to be separated 
o be in as close contact as possible with the magnets, asVtl inter- 
vening substances, such as belts, etc., reduce the efficiency of the 
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separation of the smaller particle** ; (ci.toAlltftF ample time for 
the desired material to reach and adhere^to the magnets, find, 
in the case of rotating magnets, tp^allow the adherent material 
to be carried sufficiently far to ensure a complete separation. If 
a rotary electro-magnet is used, the ponstruction of the commutators 
is important, as a quick “ m&ke and break ” is essential. ’ 



ELECTROSTATIC CONCENTRATORS 

Electrostatic separators (Fig. 126) are sometimes used for 
concentrating dry materials. Thfcy depend on the fact that, if 
a stream of material is brought into contact with an electrically 
charged body, those particles in the stream which are good con- 
ductors ^of electricity will become similarly charged and repelled, 
whilst those which are poor conductors will continue their flow 
undisturbed. A still more definite separation will take place if 
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CHEMICAL PURIFICATION 

the whore ol tne*nyiteri*)l Is ffrst charged negatively and is then 
brought into euntact^ith a positively charged body. There are 
various forms of* electrostatic separator^, but the essential features 
of all are that the material flows down an "inclined chute which 
is negatively charged and •thqrf falls on to a positively charged 
revolving cylinder, at the side of which is a second negatively 
•hafged electrode The particles, wjifeh are good conductors, are 
immediately* repelled f$om the reyolving cylinder, whilst those 
which are poorer conductors continue to adhere for a length of 
tiihe depending on their conductivity, By this means it is 
relatively easy to separate a material into three different portions, 
viz. highly conductive, medium conductive, and feebly conductive. 
As different minerals vary in their electrical conductivity they may 
be separated in this way from one another. Thus, magnetite, 
magnetic ilmenite, magnetic haematite, pyrrhotite, chromite, 
ilmenite, haematite, wolframite, pyrites, columbite, tantalite, 
gold, etc., are highly conductive ; ferriferous amphibolcs and 
pyroxenes, ‘black biotite, tourmaline, titanite, rutile, anatasc, 
brookite, and *cassiterite are medium conductors; and siderite, 
xenotime, epidote, olivine, staurolitb, garnet, monazite, gypsum, 
quartz, chalcedony, felspars, calcitc, dolomite, cordierite, muscovite, 
apatite, andalusite, sillimanite, fluorite, diamond, topaz, kyanite, 
ipinel, corundum, celestite, zircon and barytes arc poor conductors 
jf electricity. 


PURIFICATION BY CHEMICAL ACTION 
% 1 
"the chemical treatment of sand is only used in special cases as 
it is expensive, and in most cases sand can be sufficiently well 
cleaned by other means. 

Hydrochloric acid has been used to some extent for removing 
iron compounds from sands. It is useful in some cases, but is 
seldom completely satisfactory, partly because s#fric iron com- 
• pounds are unaffected by hydrochloric aeia even when heated to 
high temperatures, and partly because the acid cannot penetrate 
to the interior qf the particles, and so does not remove the wholly 
enclosed iron compounds ; w hen the sand is used for any purpose, 
such as grinding or glass manufacture, in which the interior of the 
grains is eventually exposed, such enclosed iron compounds may 
then have a serious effect. For this reason, the treatment of sands 
with hydrochloric acid is only of value; w hen the whole of the iron 
is in the form of an exterior coating on the particles** ... 

Iron compounds may be relhoved from kiesclguhr by muring it 
with hydrochloric acid (specific gravity 11) to form a fluid-paste 
and then heating the mixture to 80° C. The mass is cooled, washed 
with water passed through a filter press, and the cakes dried and 

'^Instead of being treated with hydrochloric acid, sands may be 
OL.I 2F 
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mixed with common salt and he&ted* t<r*re^tes9. This results in 
the formation of ferric chloride, which is Mhlatilqknd so escape*. 
Unfortunately, salt? is no rhore efficient than hydrochloric acid, but * 
it is sometimes chearfer to use it. ( * 

Concentrated sujphuric acid is .used for removing iron oxide 
from .artificial carborupduifv sands, which are used for abrasive and 
refractory purposes. * r . * * • 

Tscheuschner in 1885 recommended the removal of iron oxide 
(limonite) from sands by sprinkling 64 parts- of sand with 8 parts 
of a solution of 3 Jjarts of salt, and 2 parts of concentrated sulphuric*, 
acid and 3 parts of water. The mixture is heated to redness. The* 
product is treated with water and the iron removed in solution as 
a chloride. J. G. A. Rhodin in 1914 patented a simplification of 
this process, which consists in heating tne sand with 2 \ per cent of 
common salt to a red heat, and afterwards lixiviating with water. 
Both Tscheuschner and Rhodin’s processes are expensive, and arc 
seldom used, as sufficiently pure* natural sands can be obtained 
cheaply. 

Nitre cake has been used quite satisfactorily foV cleaning glass 
sands, and is also used for purifying artificial corundum sands. 
The same process may be carried out by using sodium hydro- 
sulphide at a lower temperature. 

Almost the only sands which are chemically purified on a large 
scale are those used for making optical glass, as the methods of 
purification are costly and can only be used in special cases. 


CALCINATION OR BURNING OF SANDS A$D 
SAND-ROCKS 

Sandy materials are sometimes calcined in order to improve 
their quality, or for some special purpose in connection with their 
use. Thus, kieselguhr is sometimes calcined in order to bum off 
any carbonaceous matter which may be present, and to leave a 
white, or nearly white, kieselguhr . - • 

Sandstones and silica rocks are sometimes calcined or burned 
in order to render crushing easier, and also (wherq they are to be 
used in the manufacture of silica bficks) to change the silica into 
tridymite and cristobalite (p. 226). 

Glass sands are also improved by burning, as this treatment 
drives off any 1 water present, as well as organic matter, and so 
improves the colour of the glass. 

Dirt and poal may be included or mixed with sands during 
transport, but may be largely rembved by careful burning. This 
is specially necessary in the case of sands for the manufacture of 
optical glass, as they need to be very pure. 

Some sands become darker when burned ; this is due to the 
oxidatidfi of the iron present and the consequent production of the 
red colour characteristic of ferric oxide, or of the darker ferrous 
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silicate if the banfinjf.ha^ -be£n effected with an insufficient amount 
of air. Several ^ritiSb sands darken in this way, some pure white 
sands becoming grey or pinkish in colour, thou^i the purest sands, 
such as the glass sands of Aylesbyry, Godstone* and Reigate, remain 
pure white after burning, as de also ^elected portions of the sand 
from Muokish ^Mountain, Co. Donegai, Ireland, and that •from 
Abefgele. ^Ilaa&k sands usually darken considerably when they 
are burned. * 

• jSorae of the pureiwhite sand- 
stones of tae Carboniferous age, 
such as that found at Guiseley, are 
unaffectea in colour by burning. 

The kilns employed for calcin- 
ing sand and sand-rocks depend 
largely on the mature of the 
materials. In the case of sand- 
rocks, in which the pieces* of 
material "are* comparatively large* 
and hard, a shaft kiln may be 
employed. This type of kiln (Fig. 

127) consists of an upright column 
or shaft into which the material is 
fed from above, and passes out at, 

# or near, the ground level. The 
fuel for burning the material may 
be mixed with the stone — alternate 
layers of fuel and stone ^>cing 
plac^l in the kiln, or the fuel may 
be burned 0 in a number of fire- 
places or burners so that only the 
preducts of combustion pass int?> 
the kiln. The former method is 
seldom employed, the latter being 
much more satisfactory, especially 
If producer-gas is used as fuel, as 
there is practically no contamina- 
tion of the sand by the ash frpm Fig. 127.— Shaft kiln, 

the fuel. 

Shaft kilns may be worked either intermittently or contin- 
uously ; in the former, each filling of the kiln # constitutes a 
separate operation, whilst in the latter, the materials may be 
continuously fed into and drawn from the kiln. Intermittent 
kilns toe only employed for syiall outputs and ahs not usually 
built more than 10 ft. in diameter at the top, and 5 ft. at the 
bottom, an d 20 ft. high. Continuous shaft kilns may be up to 
60 ft. high, from the feed-hole at the top to the draw-hole near 
the bottom. , 

Whilst a shaft kiln is simple in construction and economical m 
fuel, if properly controlled, it has several disadvantages which may 
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bo overcome to some extent by cardful -designing, me principal 

disadvantages are : 

• 

1 . The kiln is liable to become choked, with the result that the 

firing is irregular. This *c^n,-to some extent, be avoided 
* by blowing*air thfofigh the material during the burning. 

2. The heating may be .irregular unless thp*fireman is <both 

skilful and conscientious. c- * 

3. A shaft kiln is not suitable for material containing much. 

powder, *as it then chokes too easily. . r # 

Single-chamber kilns are sometimes employed for 1 calcining 
blocks of material, such as sandstones, silica rocks, etc., which do 
not fall to powder when burned. A single kiln consists of a brick- 
work chamber round the base of which fireboxes are placed, so that 



the products of combustion fronf the fuel enter the chamber, pass 
through the material stacked in the kiln, and escape to a chimney or 
are drawn out by means of a fan. Such kilns may be either circular 
or rectangular, and the gases may pass in either an upward or 
downward direction. 11 The advantage of up-draught kilns is that 
they are very simple in design and are easily repaired, but they 
have the disadvantage of being wasteful in fuel, $s the gases pass 
to the chimney before the heat in them has been fully utilised. 

In down-draught kilns (Fig. 128), the gases from the fireboxes 
are first passed up to the top of the kiln, through vertical flues 
termed bags, a'nd are then drawn down through the material in the 
kiln and out through a perforated floor into flues which are connected 
to a chimney or fan. In this type of kiln, the distance travelled 
by the gases is very great, and consequently the heat is more fully 
utilised thafl in an up-draught kiln. Down-draught kilns are, 
however, more complicated in construction, and consequently require 
more skill in use and maintenance. 

In some rectangular single kilns, the fires are placed at one end 
and the chimney at the other, the gases then travelling chiefly in a 
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horizontal diFecti#!^ Su^h'.kihis with a horizontal draught arc 
frequently known a^Jpweastle kilns. 

Continuous-chamber kilns art* sometimes employed for the same 
purposes as single kilns, bu£<*hcv have the advantage of utilising 
the heat in the gases more fully'ond so are cheaper to operate. A 
continudus kiln consists of a number* df single kilns either of the 
wp- draught or tk)jvn-(Jraught type, amf, in ifome cases, of the hori- 
zontal draught type, cqpnected together, so that the waste gases 
•from one kiln or ehayiber, instead of passing to the chimney, are 
discharged into the next chamber, and then into* the next, and so 
on, until the IPeat in them is fully utilised, when the gases are 
allowed £o pass into the chimney and escape. By building several 
chambers or kilns together in this way the cost of building is con- 
siderably reduced, and the fuel consumption is less than half that of 
each separate kiln. 

The difficulty of choking is also present in this type of kiln, and 



materials which are likely to fall on burning should not4>e fired in 
them. Continuous kilns are only suitable for outpiKft of 30-40 tons 
• of rock per day. 1 

Reverberatory furnaces (Fig. 129) are used for calcining metal- 
liferous sands, chiefly in order to extract from them any metal they 
contain. A reverberatory furnace consists of a long hearth in 
which the material to be heated is placed ; at one end of the 
furnace is a firebox and at the other a chimney. The products of 
combustion from the firebox pass over the material on the hearth, 
heating it in their passage, and finally passing away through the 
chimney at the opposite end. The arch of the furnace is built so 
as to reflect the heat down on tt> the material and so secure effective 
and uniform heating. In some cases, the hearth is heated from 
below as well as from above j this method effects a saving in fuel. 

Roasting furnaces are used for treating metallifcrmiH sands 
chiefly as a preliminary to the recovery of any metal they contain. 
In the hand-operated type, the furnaces consist of a number of 
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floors arranged one above the othtr hc/esf eaflh fldor com- 
municating with the floor below ; the material placed on the floors 
is raked from one flpor to another by # hand, whilst* the gases travel < 
in the reverse direction and heat th£ material in their passage. 
This type of furnace is only suitabfe ( for materials which are in the 
state of a coarse powtler. • * 

Mechanical roasting furhaces are used in tjie treatment oi 
metalliferous sands. A typical mechanic^ furnace consists of a 
series of either horizontal or slightly inclined floors, one above the « 
other ; the floors a*e perforated so that hot gases may pass upwards, 
through, and over the various floors and out at tffe top. In the 
centre of the furnace is a vertical air-cooled shaft which harries a 
number of horizontal arms fitted with rakes which stir up the 
material on the floors. These arms may, if necessary, be water- 
cooled. The material to be heated is charged on to the top floor ; 
it is stirrccl by the rakes and gradually* falls ffom floor to floor 
until it is discharged at the bottom, the gases meanwhile passing 



upwards and heating the material in its passage. The chiqf 
advantage of this type of kiln is in its simplicity ; it requires little 
skill in operation and is cheap to work, but has the disadvantage of 
high initial cos^and requires mechanical power to operate the rakes. 

Rotaiy kilns (Fig. 180) are only used to a very limited extent 
for calcining sands, though, where they can be economically 
employed, they are probably the most satisfactory l^lns to use. A 
rotary kiln consists essentially of a ‘steel cylinder or drum lined 
with fire-bricks or other refractory materials ; the drum is slowly 
rotated about an axis slightly inclined to the horizontal. The 
material to be heated is fed in at the upper end of the kiln, and 
the fuel and air are injected at the lower end. The material 
gradually passes along the drum, being agitated during its passage 
by the rotation of the drum, and sometimes by baffles in the latter, 
and is finally .discharged at the opposite end of the kiln. The 
cylinder may be of any desired length, according to the amount of 
heating necessary, but is not usually economical when less than 
100 ft. lotfg and 6-9 ft. diameter. It may be lined with any suitable 
refractory material, the most satisfactory being one containing 
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iibotit equal propcfrl^ns oj slid! and alumina, made of a mixture 
of fireclay and bjuxitc* The kiln is usually supported on two or 
three pairs of roller-bearings, ^aeed at a Convenient distance apart, 
and is driven by a toothed wheel surrounding the cylinder and 
actuated by a worm wheel drivpfl by means of a suitable reduction 
gearing. * The speed of rotation varies frbm 20-tK) revs, per hojir. 

• The fuel genially used for such rotary kifns is a fine bituminous 
coal-dust, though natural gas, producer-gas, and petroleum are 
nised to some extent., The coal is thoroughly dried and ground 
so as to leajfe only about 15 per cent on a sieve having 180 meshes 
per linear inch.* The powdered coal is conveyed to hoppers and 
is introduced into the kiln at a regular speed. A blast of hot air 
drives it into the kiln and ensures its rapid combustion. As the 
coal is very finely divided it is completely burnt, and does not 
injure the material which is being heated, except in so far as con- 
tamination of the latter bf fuel-ash is harmful. 

At the discharge end of th^ kiln, a cooler, which usually consists 
of an inclined rotating drum, is fitted to cool the material before 
it is discharged*; if desired, water may be used to sprinkle on the 
material and so cool it more rapidly. * 

Rotary kilns are quite continuous and very economical in fuel 
and labour. They can only be used, however, where a very large 
output is required, as rotary kilns with small outputs are not 
# economical. The cost of installation is very high, and this also 
necessitates a large output. Unlike the other kilns mentioned, 
rotary kilns are only suitable for powdered materials ; large pieces 
are imperfectly burned. 

'JJhe oalcination or burnftig of sands and sand-rocks may be 
carried out in either an oxidising or reducing atmosphere, according 
to local requirements. Sand-rocks such as sandstones, quartzites, 
ets., which arc heated to convert them into tridymite and cristobalite, 
or which are heated to render them easier to crush, also glass sands, 
kieselguhr, etc., are calcined in an ordinary oxidising atmosphere. 
Metalliferous sands may, in some cases, be heated «* an oxidising 
•atmosphere, but in others a reducing flahie is necessary ; the 
particular conditions must be adapted to the needs of the material 
being heated. , 

'file temperature and duration of heating depends on the 
purpose of the calcination. Where a sandstone is calcined to 
render crushing easier, a temperature of 900°- 1000° C. is all that is 
necessary, but where it is desired to convert silica# into tridymite 
and cristobalite, a much higher temperature— about 1400° C.~ is 
required, and the heating must be continued for a vfry long time, 
whereas in the first case it is merely necessary to heat up and then 
cool quickly, if necessary by quenching the material in water. 
Where it is merely desired to drive off any carbonaceous matter 
which may be present, a temperature of 900° -1000° C. is generally 
sufficient, provided an ample supply of air is passed thifugb the 

kiln. 
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For roasting metalliferous sancfs, . tenfpef ature depends on 
the nature of the metal and the change which is desired the 
heating should effect. When the metallic compounds are to be 
reduced and the crude metal extracted from the sands, a highly 
reducing atmosphere is essential, *and- usually the sand must be 
mixe<i with coke, cfiarcoaf^ *or other reducing agent, prior to its 
entering the furnace. *A shaft kiln (known in thk^ase as a “ ®a£t 
furnace ”) or reverberatory fyinace is usually employed for this 
purpose, the molten metal being run off thrQugh a tap-hole in Jhe * 
side of the furnsfco. It is not usually economical to ^reat crude 
sands in this manner ; the desirable mineral in mem i| usually 
separated by a process of concentration, and the rich ore so produced 
may then be smelted by one of the processes ordinarily used for 
rich materials. 



CHAPTER X 

SIZING OR GRADING SANDS 

Sizing or grading^ the process of dividing u sand into particles 
of various sizes. It should seldom he omitted, no matter what 
may be the purpose for which ft s/lnd is to he used, though in some 
eases a partial grading is sufficient. In the most primitive oases, 
grading is used to separate small grains of sand from pebbles, 
gravel, flints, or from other relatively large pieces of undesirablo 
matter. In other works, it is used as a means of separating grains 
of desired sizes from the rest. In the ease of placer sands, which 
contain particles of valuable metals or ores, sizing is necessary 
•in order that the classifiers may work to the best advantage. 

A perfectly graded sandh ill contain no grains larger or smaller 
than those specified, but perfect grading is seldom attained and 
would, in most cases, be prohibitive as regards cost. Consequently, 
the gradirtg is usually effected within fairly wide limits, the selected 
grades depending on the particular purpose for which the sand is 
to be used. A very convenient scries of grades, used for many 
years by the author, is shown on p. 24i). • 

A series of grades proposed by Boswell is shown on p. 211, 
that proposed by F. W. Taylor is shown on v, whilst 
other series of grades have been proposal by seger (p. 211) 
*and Mellor (p. 211). Unfortunately there is no generally accepted 
standard series of grades, but if wherever possible the I.M.M. 
standard sieves fp. 247) were used, the need for a standard grading 
figures would be less marked. Accurate standard screens are by 
no means necessary for use on a large scale, but the product from 
the screens actually employed should lx? tested # w*ith standard 
sieves from time to time so as to ensure its general conformity 
to requirements. The use of standard sieves for this purpose 
has been described on p. 246. B 

The separation of the sand into particles of various sizes may 
be made with either wet or dry sand according to convenience. 
Where the material has to be washed as well as sifted, it is usually 
easier to sift it in the wet state, but sands which are mereW dfiynp, 
yet do not require to be washed, should usually be dried before 
being graded. 
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Sizing or grading may be effected* by. thifce principal methods, 
namely : 

(а) Screening of gifting the wet ot dry material. 

(б) Water grading. 

(c) Air separation. 

• , 

The first mentioned is generally used tor comparatively 
coarse grains, whilst the last tjyo are used for the finer grains which 
cannot be conveniently separated by sieves op screens. 


SCREENING OR SIFTING 

Screening or sifting is the process usually employed for separating 
into different sizes all sands with particles coaler than 0*0025 in. 
diameter. Grains which are finer than tliis cannot be conveniently 
sieved but must be classified by recaps of either water or air. 

Screens or sieves are of various kinds, the principalonCs being : 

(1) Fixed screens, which, may be (a) flat, (6) conical, or 

(c) cylindrical. 

(2) Movable screens , which may be (a) reciprocating, (6) rotary, 

or (c) sieve-conveyors. 

The terms used to describe screens are rather loosely applied. 
Riddles are very coarse screen^ A sieve or screen may be regarded 
as a riddle having moderately fine opei/mgs, whilst a lawn is a very 
fine screen, having 100 to about 350 holes per linear inch. These 
terms are not standardised, however, r and the term “ sieve ” 4 may 
be applied to a “lawn,” whilst the term “screen” is Often *used 
,for a “ riddle,” and vice versa. 

Fixed flat screens consist, usually, of a flat surface, or sheet 
composed either of a meshwork of wires, a number of straight 
wires (Fig 131) forming long slots, or a perforated or slotted metal 
plate. The tetm “flat screen” is used even when the screening 
surface r is inclined, so *chat the material supplied to it may travel* 
down the incline and so enable the screen to work continuously. 
Perfectly flat screens are only used on a comparatively small scale ; 
they must be emptied periodically, or they will become filled with 
coarse material which will not pass through their apertures. 

When the screen or sieve is horizontal it may be held in the 
hand, or more* conveniently, it may be supported on two strong 
bars. A suitable quantity of the sand is then placed in the sieve 
and the latter is shaken or moved backwards and forwards so as 
to aid the smaller particles in passing through it. Sometimes 
it is more convenient to keep the sieve stationary and to rub its 
contents gently until all the particles which can do so have passed 
through tne sieve. Such sieves are only suitable for a small output, 
and ‘then use is often tedious. 

an inclined screen or sieve is used, the crushed stone o** 
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and is supplied upppr fcmfi of it in a uniform manner across 
he whole width *)f the screen and slides down it, the finer particles 
>assing through the .meshes cyr •perforations of the sieve whilst the 
oarse particles which will n(>l pass through fall off at the lower 
rnd as “ tailings.” The screen must, of course, be of sufficient 
ength (or a series of screens must be tykd) to ensure that all the 
irilallhr. particle^ •are separated. Mayy inclined screens are too 
ihort and too* steeply maimed to do their work properly, with the 
result that a very imperfect separation is effected. 

ft rau8t*be clearly understood that with an* inclined screen 
die largest particles passing through it will not correspond to the 
mesh or perforations of the screen, but will be the “ projection ” 
rf such apertures on to a horizontal plane. Thus, if the screen 



(• Whittaker <fr Vo., Ltd. ^ Accrington. 

Fia. 131.— Piano-wire screen (nee j). 44fl). 

were a sheet of steel, with holes J in. diameter, incliifPU at an angle 
Vf 46 degrees, the effective size of its perforations would be 0-0&75 in. 
or about three-quarters of the apparent aperture. Owing, however, 
to the rate at which the particles slide over a sheet of smooth 
metal inclined at such an angle, most of the particles will be less 
than in. diameter. Hence, the actual size of the particles 
separated can only be found by trial, as it depends on the inclination 
of the sieve and the speed at which the material ttavels over its 
surface. In order to prevent the material from passing too rapidly 
ever the sieve, it is sometimes desirable to make the* sieve in two 
or more parts— one sloping at 4 fairly steep angle and the others 
at a smaller angle. By doing this, the speed of thfe material is 
lessened by the baffling action of the later slopes. The same 
effect may sometimes be obtained by arranging small baffles across 

S e surface of the sieve, which arrest the speed of the matdHal 
some extent, and so render the screening more efficient. 
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The efficiency of a flat or inctinld «sievd afto depends on the 
kind of material to be screened. Where* this t <fontains a large 
variety of sizes, i# is mefre difficult to obtaia a good separation, 
as the smaller partidles become mixra with the larger ones and are 
not sufficiently separated in the shost time during which the material 
passes over the screen. When most of the particles are 'of a size 
which will pass through thq screen and only admail propdlrtiOn 
are larger, the separation is mjich more efficient. • 

Coarse material may be more efficiently screened than finef 
as the holes, beifig larger, are less likely to become clpgged. *The 
kind of apertures employed is also very important ; they may be 
formed by either (a) wire gauze, (6) parallel wires, or (c) as perfora- 
tions in a plate of steel or other material. 

Gauze or mesh-cloth is not usually satisfactory for a fixed sieve, 
unless some means is employed for vibrating j^t so as to prevent 
the clogging of the holes. When a suitable vibrating arrangement 
is provided, gauze is very satisfactory for comparatively fine 
particles. It is unsuitable for very coarse screening oh account 
of its lack of strength. Gauze sieves are designated by numbers 
which, in this country, state the number of apertures per linear 
inch. Thus, a No. 24 sieve has 24 holes per linear inch, or 576 holes 
per sq. in. On the Continent it is more usual to specify the number 
of holes per sq. cm. Such Continental designations may be con- 
verted into the corresponding numbers by multiplying the square # 
root of the Continental figure by k l\. Thus, a Continental sieve 
designated as 4900-mesh, i.e. having 4900 holes per sq. cm., will 
correspond to 70 x2|, or 175 in the ^Inglish standard, and will be 
equivalent to a No. 475 English sieve. Conversely, an English 
No. 25 sieve would correspond to (25 -r 2J) 2 or to a No. 100 -Con- 
tinental sieve. 

Some Continental manufacturers designate their sieves «by 
numbers which correspond roughly but not accurately to the 
English^' es. 

Table L255IIV. gives various figures which may be used in 
comparing sieves desi^iated in different ways. • 


Table LXXIV. — Numbers and Meshes of^Sievf.s 


Sieve No. 

Meshes per 
Linear Inch. 

Meshes per 

Sq. In. 

Meshes per Cm. 

Meshes per 

Sq. Cm. 

30 

30 

900 

12 



60 

3,600 

24 


.*V 1 

90 

8,100 

36 

ili» "v 


100 


40 

1600 

120 • 

120 

14,400 

48 



150 

22,500 



mm 

200 

40,000 

80 



A difficulty experienced in connection with sieves designated in 
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FRAME SIEVES ' 

ane of ttfe af&fe-rileiHionffcl Vafs is that it is not possible to tell 
what sized apertures t^ey contain, as this depends on the thickness 
of the wires usea. , To overcome this, a series# of standard sieves 
have been prepared by the Institute of Mining and Metallurgy in 
which all the apertures are ti^e* same diameter as the wires. In 
the United States a different standard ft, unfortunately, used, and 
tencft to cause t «onfu^ion when Britjsfi ancf American results arc 
compared t The English Standard sieves and screens are shown in 
►Table L. on p. 247. 

‘When ggiuzc or sil£ is used, the wires or threads tend to stretch 
and to sag, ancf are liable to bo forced apart , thus allowing larger 
particles # to pass between them. It is, therefore, important that 
the size of the particles passing the sieve' should be tested periodic- 
ity so as to ensure that the sieve is in proper working order. When 
larger particles arejound, the mesh of the sieve' should be carefully 
examined, and the defect repaired. The gauze may be* made (if 
iron, steel, brass, bronze, or less frequently copper. “Lawns" arc 
usually rtiade of silk ; they an* too delicate to be used on a very 
large scale. "Hie non-ferrous •metals may Ik* used for very tine 
screens and where it is desired to livoid contamination by iron. 
Phosphor-bronze is largely used for the* finer sieves, on account of 
its hardness and toughness. 

Small sieves may be made in one piece*, but larger ones arc 
# usually in sections, each mounted on a suitable frame and fixed 
into the screen framework. By dividing the gauze into sections 
repairs are facilitated, no Unnecessary waste of gauze occurs, and 
replacements can readily be made. Tf tin; screens arc proj>erly 
designed* a defective piece Should be removed and replaced by a 
sound onb in the course of two or three minutes. This is very 
important, as it reduces the time lost by tin* stoppage of the 
apparatus to a minimum. • 

Another reason for using moderately small frames is that unless 
the gauze is tight it is impossible to vibrate it properlg^tnd tight 
gauze cannot be obtained in a large frame owing the tendency 
\ of the cloth to sag. Screen frames m caching 0 ft. by ? ft. are 
about the maximum size which gives the most convenient handling 
with ease of replacement and low cost of repairs. It is also desir- 
able that the frames should* be sufficiently small to enable the 
required tension in the gauze to be obtained without straining it, 
because it is very important that the screening surface should be 
taut so as to give a good separation ; 40 jkt cent* or more of the 
fine material may be left in the tailings through a screen not being 
sufficiently taut. As the wire is certain to stretch in use, some 
means should be provided foP tightening the gauze from time to 
time. 

For further information see p. 448. 

Parallel bars and wires are used for screens or riddles where the 
particles are globular or free from flakes or long thfh pieces. 

* Grids ” or gratings composed of a series of parallel bars with a 



446 BAR-SCREENS 

definite space between them are fex^llgpt ftr %ep&Jatirig pebbles 
and other coarse particles, but they are seldom efficient if the spaces 
between the bars are less* than J in. wide. TJhe f largest grids are 
often known as “ grizzlies,” and they are chiefly used to separate 
small stones or gravel from sand, 'or the small pieces of rock from 
that which requires' to bcf crushed. Being very strong, they are 
not damaged by tippihg a wagon- or truck-Joa^ *f material <fn to 
them, so they form an effective feeding device for other machines. 

Bar-riddles or grids may be either horizontal or sloping according 
to the conditions under which they are used. If jloping, ‘the 
inclination should be slight — seldom exceeding 3Cf degrees, or the 
material will pass along too rapidly for it to bo properly*screened, 
though for damp sand an almost vertical riddle is often used, the 
material being thrown against it with considerable force. , 

The bars may be made of iron, steel, or wood. They may be 
round, square, rectangular, or triangular l in section, the last-named 
being best as regards preventiBg the particles becoming fixed 
between the bars, but not as durable as square or rectangular 
bars. Round bars are objectionable, as they are closer together at 
their diameter than on the surface of the grid, and thus tend to 
cause an excessive proportion of wedged pieces, which are often 
difficult to remove. 

The bars may be of any convenient length. Such grids are 
often 8 or 12 ft. long and usually about 4 ft. wide, though there is 
really no limit to either their length or width, as they can be built 
in sections to ensure the requisite strength. 

For separating particles less than J-in. diameter parallel wires 
are preferable to bars. If such wires are fixed without any 
appreciable tension, they are satisfactory for light work and I for 
hand-riddling, but not for continuous work. For the latter, the 
wires Bhould be stretched by tension keys, as in a pianoforte : 
hence the term ” piano- wire ” screens. Parallel wires, arranged 
along thtfctyngth of the sieve and sometimes strengthened by a few 
cross wires, sk>ve more rapidly and readily than gauze sieves. 
Thoy h&ve the disadvantage that if a long thin particle falls on to 
the screen it may pass between the wires, whereas it could not pass 
through a gauze screen of the same mesh, as the ci;oss wires would 
stop it. This, however, does not "often happen in screening a 
material such as sand and crushed rock, as the particles are in most 
oases fairly cubical. A further difficulty encountered with screens 
having only parallel wires is that a large "particle may force the 
wires apart and then allow other larger particles to pass through 
the opening $) created. This defect cannot be wholly avoided, 
but it can be minimised by keeping the wires taut, so as to allow 
as little movement as possible, and by inspecting the screen 
frequently ; it does not occur with gauze screens. 

Screens with parallel wires and no cross ones have a tendency 
to cause {he material to race too rapidly over them and thus prevent 
an efficient separation of the particles. This may be minimised by 
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during Che utainSt^n ot # »i^pcPof the screen or by arranging the 
ire$ acrosd the screen rnstead of longitudinally, thus retailing the 
ow of the materiSls and so effecting a sharper separation. Screens 
imposed of parallel wires seb closely together should usually be 
rovided with some means of vibrating the wires sufficiently to 
eep them clean. If the wires are stretched taut the movement of 
t» particles maw ^auge the requisite # vibrations ; otherwise they 
lay have to be producet^mechanicallv. 

► Although piano- wire screens have obvious advantages over 
ho& made yf gauze, tfie risks involved in their uj* an* sufficiently 
mportant to mike many managers prefer gauze screens. The 
3wer output of a gauze screen may easily be overcome by pro- 
dding a larger screen area, but a badly screened product containing 
articles too large in size may easily cause serious financial loss to 
i firm. 

Perforated steerplates*flre the most convenient form of screen 
vhere particles between in. vul 2 in. are to bo separated. 
Still larger perforations can be # made, but the wear and tear are so 
jreat that it is cheaper to pass Such coarse material over a grid or 
grizzly. The shape and size of the perforations varies according 
to circumstances. Sometimes the plate is corrugated as well as 
perforated, or several plates may be arranged in steps. Slots have 
the advantage over circular }>erf orations of offering a larger screen- 
ing surface per square yard of sheet, but art* very liable to pass 
long flaky pieces which would be rejected by round holes. Conse- 
quently, it is usually better to employ the latter, though this may 
involve the use of a larger screen to produce the same area of 
apertures.. * • 

Inclined perforated or slotted plates arc so smooth that the 
material tends to race over the surface, with the result that some of 
the; material fails to pass through the holes, and this must be 
allowed for in purchasing screens of this character. It is also very 
important that the angle at which the screens are should 

be very carefully adjusted so as to allow for itswrffect on the 
sand and on the rate at which the latter travels over the dhrface. 


Baffles, or the use of two or more screens at different angles, may 
be necessary to i^tard an excessive flow of material. 

The thickness or “gauge ”*of the metal used for slotted and 
perforated screens should be sufficient to give ample strength. 
Those in Table LXXV. make reasonably durable screens ; thinner • 
sheets should not be used except under special circumstances. 

It has previously been pointed out (p. 443) that the largest 
particles which pass through the openings in an inclined, perforated 
sheet are much less than the openings themselves. This is due to 
the dope at which the screen is hung and must be duly allowed for 
in purchasing a screen. It is often an advantage to hang the 
sheet from four chains, by a hook at each comer of the screen ; 
dlls enables the inclination of the screen to be adjusted rapidly and 
easily so as to suit any variation in the material. 
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Table LXXV. — l'krid rated sheets 

_ * 


Diameter of y«le. f 

Thickness o^Sfieefc. 

f 

Centre to Centre of 
Perforation. 

Iiih. 


« (tlllH. 

* Ins. 

Ins. 

Ins. • 

3/32 

0-084 

* 3/80 

0-037 

6 / 32 . 

0156 

7/64 

0-109 

1/20 

0-050 

• 3 / lt > 

0*187 

1/8 

0-125 

1/16 

0*062 * 

3/16 

6*187 

5/32 

0-156 

5/64 

0*078 

4 */ 4 

0*250 

3/16 A 

0-187 

7/64 

0-109 

19/64 

0*297 

1/4 

0*250 

9/64 

0*140 

3/8 • 

0 - S 75 

5/16 

0-312 

11/64 

0*172 

7/16 

0*431 

1 i /32 

0*344 

3/16 

0*187 

15/32 

0*468 

3/8 

0*375 

1/4 

0*250 

1/2 

0*500 

1/2 

0-500 

5/16 

0*312 

11/16 

0*688 

5/8 

0-625 

3/8 

0*375 

13/16 

0*812 

3/4 

0*750 

5/8 

0*625 

1 */8 

1*125 

1 to 4 


3/4 

€ 

0-750 




{■ 


Note. — W ith holes 1-4-iu. diameter the total area of the holes styuld not exceed 43 per 
cent of the total area of the sheet, and preferably should not exceed 3« i>er cent, or the Bheets 
will probably be too weak to bo durable*- If the diameter of the holes Is not the snipe on both 
sides of tho sheet, tliat on the lower side should be slightly the greater, so as to prevent the 
material from wedging in the holes. 


The Relative Efficiency of Horizontal and Inclined Screens. — The 

efficiency of a fixed horizontal or inclined screen depends on several 
factors, of which the most important are : 

(i.) Its length ; many users empl/V screens which are far too 
short to ensure a good separation of the coarse and fine materials. 
This can best be ascertained by testing the tailings with a hand- 
sieve of the same apertures. In most cases, a length^of not less 
than 6 ft. is necessary, though 4 ft. is more usual. Where several 
screens are employed in series at different angles, each should be 
at least 4 ft. long. 

(ii.JatJJie inclination or slope , which must vary according to the 
type of screen used, though an angle of 45 degrees is generally 
satisfactory. If the screen is vibrated, an angle of 30 degrees witj^ 
the horizontal will usually suffice. 

(iii.) Smoothness of Surface. — A perforated sfyeet or a screen 
composed only of parallel wires will oppose less resistance to the 
flow of the material than one with cross wires, and bo will tend to 
•retain in the tailings a larger proportion of fine material than will 
a gauze screen. This may usually be overcome by using a longer 
screen. The output of a gauze screen is often low because of the 
resistance caused by the cross wires, though this may be largely 
overcome by vibrating the screening surface. 

(iv.) Distribution of material on the screen ; thus, if the material 
is Bpread uniformly across the whole width of the screen and 
continues to be so distributed throughout its journey, the efficiency 
of the $reen will be high. Many users feed the screens carelessly, 
with the result that a large proportion of the available surface is 
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not used ab. $7r£.foripit^ d distribution is secured in the 
“Newaygo v screen (Stiytovant- Engineering Co.. Ltd., London) by 
paeans of a screw Conveyor which dischaiges material over a weir 
, on to the screen. In other screens baffles are used. 

(v.) The nature of the material*— Some materials arc much more 
easily screened than others as *the proiiortion'of material to bo 
removed often exvts a notable influence on the process. Thus, it 
is extremely difficult to Remove completely a small projKirtion of 
qj^derately fine material from a coarser one and damp material is 
more difficult to deal wfth than a dry one. • 

(vi.) The* inflatory movement of the screen. — The greatest 
efficiency te obtained from a gauze sieve or lawn when the particles 
of sand, etc., are in a rapid state of motion in an almost vertical 
direction. They should rise sufficiently above the gauze to drop 



SUurtevant JJ^lurerinj Co,, Ltd., London. 
Fio. 132. —Newaygo Mvern. 


on an aperture which is not already occupied and , 411 rifTcase of 
an inclined screen, should gradually pass dpwn the inelir* in a 
Juries of small “ hops ” over each succeeding cross-wire. With 
fixed screens, the usual method of effecting this movement is to 
vibrate or rap thb screen. * 

The simplest form of vibrator consists of a scries of short bars 
.which are attached loosely to a series of rotating discs,, so that 
these bars strike on small anvils on the frame of the screen in rapid 
succession. The greater part of the vibration is absorbed by the 
frame, but sufficient movement is transmitted to the screening 
surface to ensure a reasonably high output. This method is noisy, 
destructive, and not very efficient . <* 

A great improvement on it is incorporated in the Newaygo 
screen (Fig. 132) in which a series of strips of metal are placed 
at regular intervals on each side of the gauze ; attached V) these 
strips are a number of metal holders which project through the 

VOL. I 2 0 

0 
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upper casing of the screen and mr(jy wooden peg.J wmcn act as 
anvils when struck at frequent intervals by a number of loose 
hammer- bars attached te a series pf rotating shafts fitted above 
the casing. In this* way, the screen* fe vibrated by blows delivered 
almost directly to many points ‘on the surface at a fairly rapid 
rate and clogging* is effectually prevented. The hammers and 
anvils should be arranged f$o as to give only a very small amplitude 
of motion to the screen, not enough to i cause violent movement 
of the material, yet sufficient to free the particles and to preset 
them with ample opportunities of escaping through the openings. 
Two screens, one below the other, may be vibrated sinffultancously, 
but in that case the upper sieve must not be finer than about 
16-mesh. 

What appears to be a still more effective method consists of 



p. 8. Tutor Co., Cleveland, U.S.A . 


Fig. 133. — Hum-mer screen. 

several powerful electro-magnets mounted above the gauze (Fij 
which* alternately attract and release strips of steel attached to 
the screening surface at a very rapid rate, in a manner precisely 
similar to the vibrations of the hammer in an electric bell, and 
keep the gauze in a state of constant vibration. The makers 
of this “ Hum-mer screen ” claim that the intensity of vibration 
is far greater and more effective than with hammers, that it can 
be Varied at will in order to suit the material to be screened, and 
that very little power is required. By applying an intensely 
rapid vibratjon direct to the gauze, the particles are constantly 
separated from each other, the larger ones helping the smaller 
particles tor pass more readily through the screen, and enabling 
the screen to nave a very large capacity and a very Bharp separation. 
Rapid vibrations of small amplitude also prevent the material 
jumping or bouncing on the screen and enables a smaller angle 
of inclination to be used and a sharper separation to be effected 
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Whenever* a \fbrator£ me-h^iimn is used, the screen should be 
fully enclosed in^i dust-proof case, or the loss of the finest material 
•will be serious. • f # 

Testing Tailings. — When it^ieve or screen works iieriectly, all 
the particles up to a certain, destred size pass through it and the 
tailings will not contain any particles less tliftn this size. Con- 
sequently, if the tailings were passed a Second time over the sieve, 
no further material would-be separated* It is practically im|H)ssible 
t£ secure so perfect a result on a large Seale, as no sieve iii the market 
has % 100 per cent efficiency. The only way to •obtain the best 
possible resiflt is J to investigate several types of sieve's or sereenB, 
vary thei# inclination, length, and mode of feeding, and to test 
the tailings with a hand-sieve of the same mesh or aperture. It is 
also a wise precaution to make periodically similar hand-tests 
of* both tailings and screened material, so as to ensure a “clean '* 
product, during thcftcgulaa working of the plant. 

Supports for Screens. — Horizontal and inclined screens are 
often used for hand-sifting ; a* flat screen is usually placed on an 
open support, swell as a pair of rails, or on top of a tub. box, or bin, 
and half -filled with the material to 1** sifted. The screen is then 
moved backwards and forwards on its supports, or is lifted in the 
hands and shaken horizontally until it is judged that the* whole 
of the fine material has been removed. With care, a highly 
efficient separation may be effected. 

• An inclined screen or riddle may be* set up at about 75 degrees 
or other suitable angle an 4 the material is thrown against it ; 
the finer particles pass through, whilst the tailings fall down to the 
bottom of. the screening surface. The efficiency is low, but often 
Bufficfently* good for the purpose, ('specially when the rejected 
material is rather coarse. An ordinary labourer kept supplied 
with material, and working ten hqurs a (lay, will screen 24 cu. yds. 
of sand and gravel in this way. For larger outputs, it is cheaper 
to support the inclined screen above the ground, at 4 ^ope of 
45 degrees or less, and to feed the material on to tly* ufiper end of 
the screen, so that it slides down the surface the* smaller jihrtides 
passing through the screen and being separated in this way.’ 
Inclined screens are made to screen 15-20 tons per hour of sand 
of 20>mesh or 10-15 tons per hour of sand of 40-mesh. The 
supports may be of timber or iron, the latter being preferable 
as it is stronger and more durable, ('bains (p. 447) are sometimes 
preferable to more rigid supports. , 

Fixed Conical Screens.— Conical screens are sometimes used 
because their shape permits a larger screening area to be employee} 
within the same floor space a# a horizontal or inclined screen. 
They also facilitate the delivery of the sand, etc., through a small 
spout, though, to be effective, the material must be arranged to 
now uniformly over the surface of the screen. This is usually 
accomplished by means of adjustable baffles which gtlide 4he 
material, but in the conical screen made by the Traylor Engineering 
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Co., Allentown, Pa., U.S.A., the uppef; sujiacIfSswefit bjf revolving 
scrapers which gradually move the particles fronj. the Tim to the 
centre of the screen, until they escape through rfn aperture in the < 
centre of the cone, and are carried awhy as tailings. 

A similar form of conical screen, made in this country, is the 



Birkle Engineering Co., Ltd., Plymouth, 
Fig. 134. — The I’ulver Blender. 

“ Pulver JBiencter ’ (Fig. 134). Inside the cone is a rotary spreader 
plate above *which a number of beaters are mounted. The screen 
is surrounded by a conical casing with an exit pipe in the base. 
The material to be screened is fed on to the rotary spreader plate 
and broken up by the beaters ; the particles are then flung by 
centrifugal action on to the screen, the small ones passing through 
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screen, wlflst*3^ laj^e^ pUrtieles 


y the appropriate outlet. 

The Vicona sheen Jvbl IT., Fig. 10;.C. E..V. Hall, Sheffield) 
onsists of a conical screen mounted above a similar, but inverted 
creen, both being mounted, in Such a manner that they can be 
oscillated and vibrated, by means of- a slntft and cam. The 
nwtrtial is fed tlwpugii a hopper on to the*up]>er conical scrw-n ; 
the small particles pass through it and fall on to a second inverted 
«enical screen, which may be either* the same or a smaller mesh. 
In the forager case, the material is separated inti three different 
sizes each passitig into a different chute. The coarse material, 
rejected *by the first sieve, 
passes down the inside of the 
casing to the tailings chute* ; 7 „ ? 

the material which has passed ! 

through the first sieve, but is £ . J' /K 

rejected by the second one, 9 A f *~ f '\ "" " fe,:,, 

passes drtwrr an inner casing Ji-f - 

into the “ medrtim ” chute and* _^ ;L : \ 'j' 

the material which has passed <=s=a T^’ 
through the second sieve enters I 

the “ fines M chute. This type I |^\ \ e' s 

of sieve is very compact, yet — 1 

has a specially large screening [ / \ r * 

^surface, and is very effective for '< Y- \ 

all materials between ] in.tnd * ~ -A 

200-mcsh. i Gardners patint 

Fixed. Cylindrical Scre&is “RAPID" SIFTER 4 MIXES 

are sometimes employed. I wm Gardner a sons 

Thoy consist of a cylinder I EN °olouoest«r 

made of gauze or perforated » 
plate mounted in an almost *“ ~~ 

horizontal position (Fig. 135) ; Fw. U.V- “ Kapid ” sifter, 

the material is introduced at m ** 


pass down it, and escape 


icr casing 1 

chute and* 5 .-i 

las passed • S=5S ^T^’ 
eve ent(‘r.s I 1 v . 

This type I | s 

ipact, yet 


GARDNER'! PATINT 
“RAPID" SIFTER* MIXER 
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Fm. 13T|. — “ Kapid ” sifter. 


#>ne end, and is swept gradually through the ryliwh* by a 
cylindrical or spiral brush mounted on a shaft which passes 
through the cenjre of the cylinder. The brush presses the material 
against the surface of the screen, and also gradually carries it along 
through the cylinder. Sometimes the brush is replaced by paddles 
or scrapers which are intended to serve the same purpose's, but 
are less effective. Occasionally, a half-cylinder forming a trough 
is used in connection with a brush, but the disadvantage of this 
arrangement is that it is less effective than when a complete 
cylinder is used. It is claimed that less power is required to 
propel the material through the screen by brushy or paddles 
than to vibrate the screen, but as against this the brushes wear 


away rapidly and are expensive, besides introducing bristles into 
the screened product, whilst with the finer screens the finishing 
causes a large amount of wear and tear on the screening surface. 
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Moving Screens or Sieves inclftdl tjiose taVing^three Kinds ot 

motion : (a) reciprocating, (b) jigging, and jc) rotary. 

Reciprocating • Screens. — The simplest fopn* of reciprocating 
screen is an ordinary flat sieve which is shaken to and fro by hand. 
This method is very tiring, and i3 ^o slow that it can only be used 
for the smallest outputs*. • For larger quantities, some* form of 
mechanical power muit be ‘employed to create tjie motion. 

Power-driven reciprocating screens are usually of« the flat type, 
one of the commonest patterns consisting of a horizontal scream 
or sieve (Fig. ll#5) moved to and fro along rails or guides by mbans 
of a bar having one end attached to the sieve and the other to the 



If', (for dner <fc Sans, Ltd., (llourester. 
Fia. 136. — Reciprocating screen. 


edge of^ disc mounted on a shaft, so as to form a crank. It is 
sometimes more convenient, instead of using guides, to suspend 
the scifeen from the loof or from a framework, the motion being, 
imparted in the same manner as before. 

If desired, several sieves may bo placed one ( above the other 
and reciprocated by a series of crftnks. The finer particles from 
the upper sieves fall on to those below until they pass out into 
a suitable receiver. Such sieves must be emptied by hand unless 
they are made continuously acting by sloping them slightly and 
providing them with chutes. This method is sometimes used for 
gashing and screening sand simultaneously (p. 400). 

Reciprocating sieves of this type may be of any convenient 
size. Tney are usually moved at the rate of 30-70 strokes per min., 
according to the nature of the material . The output of reciprocating 
sieves is rather smaller than that of rotary sieves (described later), 
but» for^many purposes they are useful if kept in good condition. 
The wear and tear on them is rather great on account of the 
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reciprocating tK>v«nj!nt anr^ unless well enclosed they are very 
dusty. When tjio sieves ate used for washing (p. 399) the dust is, 
of course, avoided. 1 # # 

It is very important to aV^id wasting power by the use of an 
unnecessarily violent reciprocal movement. All that is needed is 
to cause "the particles to jump dpwanUfpom the screen, which then 
tvavds forward j*qd backward, so that* the#particles when falling 
do not strike 4ho same aperture as thrft fjom which they rose. 
m Jigging Screens are a simple modification of the well-known 
jigging conveyor, whitfo consists of a long shallow tray (Fig. 59) 
• • 



Fig. 137. — Jigging wrrni or scrocn conveyed 


mounted on springs, and reciprocated with a slow forward move- 
ment and a ra^id backward .one. By this means, the particles 
are continually jerked upward from the tray and gradually travel 
forward along the conveyor. If the tray is perforated or fitted 
with gauze, it acts as a combined conveyor and sieve (Fig. 137) ; as 
it may be made of great length, its screening efficiency is very high. 
They are usually 4-5 ft. wide, and are inclined at various angles 
up to about 18 degrees, according to the nature of* the material. 
They are reciprocated St sj)ecds up to 120 oscillations per minute, 
the stroke being usually about 5-9 in., about 2-3 h.p. being required. 
The arrangement of the supporting springs and reciprocating 
mechanism requires care and skill so as to avoid unpeceyary 
vibration, and where two conveyors, one above the other, can 
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be coupled to the same reciprocating deyice/;ffcougw witn separate 
cranks, much greater durability is ensured. , 

Jig screens ary not suitable foi; fine pWdeik as they are too < 
dusty, but they are excellent for sepa^ting sand from gravel. They 
are costly to instal and must, theieforp, be used for large outputs. 

Grids or grizzlies may be given reciprocating movement, either 
as a whole or by constructing them of loose Jjiprs and attaching 
alternate bars to an eccentric or crank wjhich then gives them the 
requisite to and fro motion. ''(See also Screen Conveyors, p. 463.)* 

Reciprocating Feeder-screens are often ’ useful for effecting a 
rough separation of coarse and finer materials prior tcS delivery to 
another machine. They may be used for a variety of purposes, of 
which only two need be mentioned. 

(a) When a mixture of coarse and fine material is fed from a 

bin or crusher by a conveyor belt, the durability of the belt may 
be greatly increased by causing th(? fincwnateiffll to reach the belt 
first and so form a cushion which protects it from the abrasive 
action of the larger pieces. This i£ effected very ingeniously and 
cheaply in an arrangement supplied by the Stephens- Adamson 
Manufacturing Co., of Aurora* 111., U.S.A., which consists of a belt 
conveyor over which is mounted a hopper and a reciprocating grid 
or grizzly. The mixed material falls on to the grate and the finer 
particles pass through it to the belt, whilst the; larger pieces pass 
along to the end of the grate and fall on to the cushion of finer 
material on the belt. * 

(b) When it is necessary to crush $ material containing pieces 
of several different sizes, it is economical to screen it roughly so 
that the smaller pieces (which do i?6t require crushing) do not 
enter the crusher. This arrangement sometimes permitf. a smaller 
crusher to be used, and it always results in a saving in power. One 
of the most effective screens for, this purpose is a reciprocating 
grate which simultaneously acts as a feeder (Fig. 70). The mixed 
materialjjalls from a hopper on to the reciprocating grate, the finer 
material wnicK does not require crushing falling through into a 
chute Vhich delivers, it below the crushing rolls. The coarse^ 
material passes along the grate, falls into the crusher, and event- 
ually joins that which has previously fallen through the grate. 

Revolving Screens give the largest output of all so far as material 
larger than 20-mesh and less than 4-mesh is concerned. For finer 
materials, inclined vibrated screens, as already described, are 
preferable. 

Revolving or rotary screens consist essentially of cylinders, 
polygons, or cones constructed of longitudinal bars on end-frames, 
perforated steel-plates, or metal gai\ze mounted on wooden or metal 
supports. The screens are rotated at a moderate speed. Those 
with longitudinal bars are specially suitable for very coarse screen- 
ing, the bars being placed |-£ in. apart, and are particularly used 
for hea\fy work which would cause excessive wear on other rotary 
screens. 
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Rotary stolen* A'ith .f e^fofatod plates are used for separating 
pieces from i U) 4 in. c^iameter ; they are not wholly satisfactory for 
pieces more thafl 2-2 i in. diameter. • * 

Rotary screens fitted witk gauze are suitable for separating the 
finest particles and all those uif to \ in. diameter, though for holes 
more than J in. diameter a perforated fcheet & much stronger than 
wiifc gauze. 

The unscreened san*! is supplied "topne end of the screen which 
is given a slight inclination, so that, ns it rotates, the coarser 
material is carried thfough it whilst the finer panicles pass through 
the perforation^ or the mesh. 

The Simplest form of revolving or rotating 8en»en is a cylinder of 
perforated metal (Fig. IMS) mounted on an internal shaft by means of 
jibs which form two or more “ spiders.” Nearly as simple, but having 
several important advantages, is a polygonal screen (Fig. I III I) with 
five, six, or eight sides (Utaiully six) eonstrurted in a similar manner 



Jiilgar Altai <i‘ Co., Shrflurht. 

Fio. 13 S. — Notary screen. 

tp the cylindrical screen. The*hexagonal screens are rather more 
expensive in first cost, hut they have a slightly larger screening 
surface for the same “ diameter, ** the shape increases the tumbling 
effect ” on the material and so increases the oyjtpilx to a small 
extent ; repairs are made much more rapidly as well* as more 
•cheaply. If a cylindrical screen is broken, the repair (apart from 
a “ patch ”) i fj extensive, but with a polygonal sieve it iH merely 
necessary to remove one sideband replace it by a new one ; this is 
effected much more rapidly than the repair of a cylindrical sieve. 
This is a matter of great importance on a busy day, as the sieve 
need only be stopped for a few minutes in order „to attach a new 
frame, whereas a cylindrical sieve must sometimes be stopped for 
several hours in order that one section may lie taken off and replaced 
by a new one. When a cylindrical screen is made in sections which 
can quickly be replaced," the objection just mentioned is largely 
obviated and the advantage of the cylindrical form —which involves 
less wear and tear on the screen — is maintained. A cylindrical 
screen made in one piece may be cheaper in first cost > but# after 
several years of rough usage it will be found to have cost more in 
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repairs and loss through stoppages 4h{h a, scrte» ofithe s& me. size 
made in suitable sections. i 1 

Instead of mounting the cylinder or polygon^ a£ described, on a 
shaft running through the centre, it rely be fitted with a hardened 
steel ring with a spur-wheel gearing and rotated on external rollers. 
This method is better in several respects, and enables the Interior 
of the cylinder to be perfectly clear, thus giving ipvre space as well 
as avoiding the wear and tear on the shaft. External driving of 
this type is used chiefly for tKe heaviest screens, the lighter ones 





i* Parker, Winder <b Aehurch, Ltd., Birmingham. 

F/d. 139 . — Hexagonal screen. 

being mounted on a central shaft, or (as in the rotary screens 
made by Ord & Maddison, Ltd., Fig. 140) suspended from several 
pulleys which, in revolving, turn the screen at the desired rate and 
ensure a very free and easy drive. A similar arrangement is 
employed in the screens supplied by W. A. Hiscox, Ltd., Derby. 
Screens which are not too large may be fitted with a disc or cap at 
oi|e end ; this constitutes the only mounting necessary. The cap 
is fitted to the end of a horizontal shaft which, in rotating, causes 
the screen to mtate at the same rate (see Fig. 141). 

Conical Rotary Screens are similar to the ones just described, 
but are of a conical instead of a cylindrical shape (Fig. 141) ; the 
shaft beiitfg quite horizontal makes* driving easier than is the case 
with inclined cylindrical screens having an intermediate shape. 
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* I - / 

The*mafenaPft d?lU r ere<] # though a chute to the small end of the 
screen anil tho tailings are discharged from the larger end. The 
greater perimeter of the larger end givei*a morn rapid rate of travel 
to the coarser pieces, thus freeing them more readily from tho 
smaller^ ones and ensuring a f somewhat better separation. Tho 



* » Ord cfc Muddison. Ltd., tUirlin{ft<»i, 

Fig. 140. -SuHpendfS rotary serora. 


conical shape of the screen and the fact that a horizontal shaft is 
used, also effect a saving in weight, reduce the amount of head* 
room, and greatly simplify the arrangement , esjxvially if an elevator 
is used to feed the screens. In a, cylindrical screen the elevator 
head must be mounted separately, but with a conical screen it can 
be mounted on the same shaft, thus simplifying the drive very 
considerably. ** . 

In some cases, in order to reduce the wear and tear caused by 
the fall of the material from the chute, a small screen is placed 
inside the larger one (Fig. I41)j*the material falling into this small 



Stephen* Admnmn (’o„ Aurora, U.S A. 

Flfl. 141. -Gilbert conical acrecn. , 

receiver and then, at a much lower velocity, into the screen itself. 
In other cases several screen*! of different mesh can bo arranged 
concentrically. In another type a number of consul screens are 
fitted on one shaft, the small end of one screen projecting into the 
latge end of the next one. The material is fed in at the upper end 
of the first screen and is discharged progressively through the 
narrow end of one sieve into the large end of the next, and so on 
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through the series. An arrangement c (i this kind* is gofinetifnes used 
when washing and screening sand simultaneously (p. 400). 

As shown in Fig. 141 a conical screen' can be ‘arranged with a 
free interior, i.e. the shaft need not ga through the cone. 

A very useful screen for separating sand and gravel is made 
by Ord & Maddison,' Ltd., Darlington (Fig. 142), and consists of a 
cylindrical screen with*' a cdhical one inside ft, material teing 
introduced into the cone at by means of the chuteuA, which is 



Flo. 142. — Concentric wvnd and gravel screeq. 


fitted with a grid N to take out the sand, which is instantly passed 
through the hole in cone B into the enlarged screen D, without 
mirfing with the larger stones, thus ensuring perfect screening. 
All other stones are passed by gravitation towards the outer end 
G, the largest; ones being delivered to an elevator or breaker as 
desired. The small stones and coarse sand after passing through 
the cone are raised by means of elevator wing-plates E , and may 
fall into a second cylindrical screen for further separation if required. 

Tapering polygonal screens are also used, either singly or* in 
series, th#se of hexagonal shape being generally preferred. They 
are preferable to conical screens for the same reasons that straight 
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lexagon&l scfo&Wiye preferable t<f cylindrical ones (see p. 457). 
tfexagonalt screens are irtoimted in the same manner as conical 
anes, and are usad for !hb same purpose^. 

Vibrating Revolting Sen tty. — When damp, or adhesive sands urt 
screened on a rotary screen^, the latter may be vibrated by meant 
similar »to those employed fftr fixed ♦ screens. The most usua 
device is a loosely pivoted hammer- baf, so placed that it rests on a 
steel band tgirfoundifi^the screen ahd fitted with four small pro- 
motions or f< anvils.” As the sererti revolve, the hammer-bar is 
lifted by the anvils *Jnd then falls on to the scjycn-bnnd, causing 
the screen to vibrate. This arrangement is very noisy in action, but 
is fairly •effective. Several similar bars may be used on the same, 
screen if desired. The vibration is intensified if the scrim is 
suspended from chains (Fig. 140) instead of being mounted on a 
central shaft. 

Multiple Screed! are those which can separate a mixed material 
successively into particles of several distinct grades or sizes. 'Hie 
simplest-down is a long slopirtg sheet of metal composed of several 
sections each perforated with holes of a different size, hut rotating 
screens can be arranged in the same manner and to great advantage. 
The section with the smallest sized holes is nearest the* top of the 
screen and that with the largest holes is at the lower end, the 
intermediate sections being arranged progressively according to 
the sizes of the holes. Thus, if there are six sections, the material 
would be separated into si wen grades, namely one for each section 
and the tailings which aro^passed (Aer the end of the scrim. 

It is more usual to employ rotary screens (Fig. 138) than flat 
ones for .multiple work on account of their larger output. It is even 
mole important with multiple screens than with single ones that each 
section of the screen should Ik* of sufficient length to effect a com- 
plete removal of all the. particle^ it is intended should pass through 
it. A common mistake is to have the sections too short, with the 
result that the materials are imperfectly separated. The most 
generally satisfactory length of each section is (> ftp ** 

Various other forms of multiple screen*^ are afso in ri^ular use. 
•For instance, the screens may be quite separate, but so placed as 
to deliver their products to one another. This is the ease when 
several conicaf screens are mounted on the same shaft (Fig. 103). 
Another and very important form of multiple screen is described in 
the next section. 

Concentric Screens. — Instead of employing separate screens in 
series, it is often better to arrange them concentrically— inside one 
another (Fig. 143)— and to drive them by means of a common 
shaft. The coarsest screen i§ placed on the inside* and the flrfest 
on the outside, the material being fed on the coarsest screen first. 
Fig. 144 shows a screen of this type in which the screen plates 
have been partly removed so as to Bhow the facility with which 
they can be replaced when damaged. The advantage* ofc con- 
centric screens are : 
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(i.) Much of the wear and tear l^'ic screen '%18 •Qnfintff to the 
coarsest one — which is the strongebt—whoreas in most other 
arrangements the wear is greatest on the .Inest -screen, which is 
least able to withstaiyi it. 

(ii.) The arrangement is very ccmpact and requires a minimum 
of space. r » „ • 

(iii.) The arrangement is«very economical in power. 



J. <fc F. Poole, Ll/l., Hayle. 

Fio. 143. — Concon’ric screens. 

Another multiple screen which is very commonly used consists 
of an ordinary revolving cylinder with holes of the desired size, 
surrounded by one with smaller holes to act as a separator for 
dust and very small particles. Thus, if it is desired to separate 
J-in. material and dust from coarse sand, the former is removed by 
the main cylinder and the lattei' is separated by the fine screen. 


V " 1 v 



J. <b F. Poole, Ud., Ilayle. 

Fig. 144. — Concentric screen showing sliding screen plates. 

Ratio ot Apertures to Product. — It is not sufficiently realised 
that revolving screens must have larger holes than the particles 
they are intended to pass, because the inclination and the rotation 
of the screen both have the effect qf making the effective size of 
the holes mucty smaller than their apparent size. For stones, the 
necessary ratio is readily found, but for sand it is much more 
difficult and, consequently, trials must usually be made of screens 
of vanouq;meshes. It is usually found that all the material passing 
through a 40-mesh rotary screen will also pass through a 60-mesh 
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landarcT sieving {hat thAsand wfiich passes through » 90- mesh 
atary scfcen ^vill pass Almost completely through a 100* mesh 
bandard sieve. • • * # 

On-account of ttte great cR^eretiee between % t fie true and effective 
izeB of the holes, it is important to cheek the sizes of the serened 
►articles by hand screening with standard sieves from time to time, 
i Speed o! Rotation. — The sjx^ed ftt which cylindrical rotary 
lieves are driveh varies {j-om 8-30 revs! per min., a speed of 16-20 revs, 
jer min. being most usual. Polygon at screens may be driven at 
•ather a lower speed* than cylindrical ones, in wine cases as low 
is 4 revs. f>er min. being sufficient for separating sand and gravel. 
This aveitb much of tin; wear and tear which Occurs in screens 
which are driven at higher speeds. 

t Dimensions of Screens. — The dimensions of rotary screens 
should depend on the extent of separation desired. Usually 
each section of cylinder is 4-6 ft. long and 2-4 ft. in diameter. 
Ample length is essential to secure a clean separation, hut it is 
by no means unusual— es|)fchdly in screens containing several 
sections in series— to find cash section is much too short to do 
its work properly. This can best be ascertained by carefully 
examining the respective screened products after passing them 
through standard hand-sieves. 

Heated Screens.— When the sand is damp it will not pass 
readily through or along a screen. This difficulty may he largely 
avoided by fitting a number of steam-pi|M\s beneath the screen 
so as to partially dry the sapid and flius facilitate its passage through 
the meshes. Fig. 145 shows an arrangement of this type attached 
to a rotary sieve. If the tmnd is very dapip, however, it will be 
cheaper U) use a rotary or other dryer prior to screening. 

Screen-conveyors. — It is often convenient to combine a screen 
^nd conveyor in such a manner that a material is screened during 
transport. Most screens do this to some extent, hut the term 
“ screen-conveyor ” or “ conveyor-screen ” is usually confined to 
those appliances which arc primarily conveyors^ bin also act as 
screens. Such appliances are of several (prms, and considerable 
•ingenuity is often exercised in adapting fresh combinations of 
screens and conveyors to a particular purpose. 

One typo ot rotary screen* conveyor (Fig. 73) consists of a stout 
shaft, on which are mounted a number of circular plates or discs 
set at a prearranged distance apart. This shaft is fitted in a broad 
slot, in *an ordinary chute, so that when the material falls upon 
the edge of the disc the smaller pieces pass between them and so 
fall out of the chute, whilst the coarser material is carried round 
the circumference of the revolting plates and into tile lower portion 
of the chute. This appliance is chiefly of use as a feetjpr for crushing- 
plants, as it takes up very little space horizontally. 

• Another type of screen-conveyor consists of an endless belt 
(Fig. 71) composed of links a suitable distance apart ^nd driven 
by a pair of sprocket pulleys. Between the upper and lower 
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parts of the belt should be a Hopper t A receive thcftswall fnaterial 
passing between the links and convey it! to a suitable bin. The 
coarser material is yarried £o the end of thtf belt fcnd is then dis- 
charged. As the belt can be of an/ convenient length, a very 
effective separation is made with tfhe minimum amount of head- 
room. This arrangement also has ‘the advantage of being self- 
cleaning as the links p*.ss ot r er the sprockets^ wjmreas the spaces. 



C. Whittaker dc Co., I Ad . , Accrington. 
Fig. 145. — Steam-heated screen. 


between the bars in an ordinary grate or grizzly are liable to choke. 
Below the belt a brush should be fitted to remove any adherent 
particles, so to prevent them being ground by and damaging 
the return pulleys. A screen-conveyor of this type, with a toted 
length of 6 ft., will have an actual screening surface of about 
3 ft. 0 in. 

Another equally important type of screen-conveyor consists 
of an ordinary jigger conveyor, the pan of which is perforated so 
that it also acts as a sieve (see p. 455), the smaller particles falling 
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bhroughNihe onflow* , ^hifct tne larger ones are “ jigged ” 
aloiig the tonvovor by a Sharp to-and-fro motion imparted to the 
appliance. Such^a iigjjir sieve has the great atjvant age of moving 
the material uniformly ovc^the surface, and, being horizontal, 
it removes a largo percentage of lino material, thus giving cleaner 
tailings than a sloping screen. At the same tinufit has the advantage 
oyer •ordinary horizontal sieves of lifting the coarse material from 
the screen a^oAch movement, i list carl $ at longer intervals, as in 
P ordinary to-and-fro sieve, and, as* the tailings are automatically 
discharged, there is nonstop page of the sieve to remove “ rappings.” 
The mannef in Which the sieve is moved ensures a greater “ life ” 
than in *he ordinary to-and-fro siov<>, and the screening surface 
is much greater than the latter in projiortion to the power required. 
As the top of the trough is open, the material can Ik* inspected 
al any time, and any damaged or defective part of the conveyor 
can easily he seen hfh’l retired. 

Dust-proof Casings. — \\ h(*re sieves are likely to produce much 
dust, as i#i fme screening, it iif dwi ruble to enclose them in a dust- 
proof casing, which prevents atscrious loss of material and avoids 
injuring the health of the workers. Hie shape of the casing depends 
on that of the screen ; it may usually be of wood or sheet-iron 
plates, and should be fitted with doors to give readyaccess to the 
interior. In some cases a fan is used to draw the dust into a dust- 
collector, from which it may lx* recovered without loss, whilst the 
^air is allowed to escape. These collectors an; of two types- 
m (n) filters in which the du^-laden Air is passed through clotlis or 
into bags or “candles” which retain the dust, but not the air; 
and ( b ) separators in which iiae speed of the, air is reduced to such 
an extent J;hat it cannot carry the dust any further, hut is obliged 
to deposit it. Filters arc usually the more efficient when in good 
order, but require frequent attention. The best results are obtained 
by passing the air first through a separator or depositing chamber, 
and then through a filter. 


CLASSIFYING 

The term classification w is particularly applied to the 
separation of a material into groups, the particles in each group 
having the same rate of falling from susjamsion in water. It may 
serve either of two purposes : (a) separation of particles similar in 
size, but of different specific gravity, and (/>) separation of particles 
of uniform specific gravity, but of different sizes. The, first purposp 
has been described in Chapter* IX.; the second purpose is that 
known as “ grading,” and is mentioned here because-classification 
by means of water or air may often ho conveniently employed for 
grading some very fine materials which cannot conveniently be 
separated by sifting. Various methods of classification afe largely 
used for separating metalliferous sands into a portion rich in the 
yOL. I 2 H 
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desired metal and a second portion oi gapgue i#ee"ir< 9 m metai ; tne 
same methods are also used for grading finely gropnd (Sir levigated 
silica in order to separate, the finer from tht? coaifcer particles. < 
When a classifying device is us eh for separating fine particles 
from coarser ones, all the particles m,ust be of approximately the 
same specific gravity, as, otherwise, large particles of low specific 
gravity and small particles of high specific gravity will bo4h be 
collected in the “ coarse ” portion. * , 

The factors governing the speed of settling are given on p. 2% 
The apparatvs used for water- classifying is practically the shme 
as for washing (p. 384) or concentrating (p. 413)P; whichever may 
be more suitable. The chief forms of classifier are : (a) troughs 
such as those used for washing (p. 385) and concentrating (p. 415) ; 
(6) pyramidal or conical separators such as the spitzkasten (p. 398), 
spitzlutte (p. 398), or separating cones (p. 394) ; (c) jigs such Sis 
are used for concentrating (p. 420) ; and (d) fcftitrifugal machines 
(p. 407). 

Classifying with Air 

Air separators are very valuable for classifying fine particles 

of dry material which are too fine to be dealt with by screening. 

They are based on the principle that if the 
mixed particles are suspended in a current 
of air of regulated speed, this stream of 
air will carry the finer particles of sand,# 
etc., 'along wj'Ji it, whilst the heavier ones* 
sink, and may be removed through an 
opening in the bottom of the machine. 

The suspension is sometimes effected 
by blowing a current of air into the 

materia] to be treated, but a far more 

effective suspension is obtained by allow- 
ing the particles to fall on to a rapidly 
rotating disc. The centrifugal force im- 
parted by the disc to the particles causey 
them to fly off the disc at varying rat3» 
according to their respective sizes, and so 
effects a * preliminary separation, whilst 
the current of air which receives them 
after they leave the disc completes the 
classification. 

The air separators of this type (Fig. 
146) now generally used were invented 
' Fig. 146. — Seotion of air by Mumfard and Moodio, but they Me 
separator. manufactured by several firms, as the 

chief patents have long since expired. 

The material to be sifted is introduced into the separator 
through^ hopper 0 in the centre of the top-plate F, and falls on to a 
rotary spreader E l9 which throws it outwards by centrifugal force 
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_Jo 4 he £.irsent 01 air drawn upward through 

tfie apparatus moans of a ftm E, E. •The tine particles are carried 
upwards and paas int<ht?ie outer casing # 4, wlii^h loads to a chute, 
whilst the coarser J)articles* % whioh are not lifted by the current 
of air, fall into the inner easing*# and are collected by means of a 
second ahute having two out-left • 

# In an improve! form of sc pa rut of kiutyvn as the Selektor, a 
number of iqptrfl ring? arranged bdneath the spreading plate, and 
y^eairis made to travel up the casing until it meets the descending 
stream of material ami then between the metal lings, so that tin* 
tine material istlrawn through these into the inner casing, whilst 
the courier particles fall straight down into the outer one. This 
apparatus gives a somewhat sharper separation than the simpler 
type tirst mentioned. 

4 The speed of the air passing through the apparatus can Ik* 
varied within wid<* limiWin order that particles of any desired 
size may be separated, ami, if nqpessary. several separators can be? 
used in series so as to obtain products ot various distinct grades. 

The air discharged from the separator may contain a consider- 
able proportion of very line dust, which should not Ik* passed into 
the atmosphere, hut should Ik* collected by means of one or more 
large conical settling tanks, or ‘ cyclone separators, arranged in 
scries, the last traces of dust In'ing held back by means of a suitable 
filter. If the fine dust is quite useless a scrubbing tower with 
sprays of water may Ik- more convenient than a filter. 

Bv, using cyclone sepaiiyfors of flitfc’vnt diameters, the powder 
may he separated into an equal number of grades of different 
fineness.. • • . . 

To obtain the best results, the material supplied to an air 
separator should not contain any notable proportion of particles 
larger than J in. diameter : and tfie nearer tin* material approaches 
tile nature of a powder, tin* better will he tin* separation. 

Air separators are onlv satisfactory when pro]H*rly sup] died 
with suitable material, hut are then rapid in actioi^knd have a 
large output. It is most important, however, that the^material 
should be sufficiently dry, or tin* particles will adhere together 
and will not be properly separated by the current, of air. To 
assist in the separation of damp materials the use of hot air is 
sometimes recommended, but it involves difficulties duo to its 
feeble carrying power. The machine must be fed at a constant 
rate, and special care is needed not to overload it, so ttyat a mechanical 
feeding device is desirable. 

It is often convenient, and quite satisfactory, to connect an 
air separator to a ball mill, the product from the mill passing 
into the separator, and the “tailings” being return*! to the mill 
for further grinding. The simplest means of .delivery from the 
mitt to the separator is a bucket elevator, hut if the whole t)f the 
product is sufficiently tine it may be draw'n from the hull by a 
current of air moved by the fan in the separator. 
vol. i 


2 h 2 



468 


iRBANi 


oiviJM 


Air separators have the advantage c^er sieve^of^ng vsry rapid 
in operation, having a largo output, dYid^being capable *of grading 
particles which are # too syiall to be sep&rtlted vy sieves. They 
require little power, and only occupy if small floor space. 

The fact must not be overlooked that an air separator tends 
to separate the particles in, accordance with both their, specific 
gravity and size, as a Tflinut* particle of high specjjic gravity wtmlfl 
be carried away by a stream’ of air of thjj Same Spqpd as would 
carry a large particle of smaller specific gravity. In the case 
comparatively pure sands, where all the particles are of the same 
specific gravity, the separation is strictly according tft size, but 
this would not be the case with a powder composed of substances 
of widely different specific gravities. 


, ARRANGEMENT 0IM>LAN¥ 

The various parts of the plant used in crashing and purifying 
sand should be so placed that the sand or rock travels by gravity 
through the crushers and screens, washers, etc., to the trucks 
or to the storage bins, even if this necessitates raising the raw 
material in lifts or elevators to the crushers, etc. 

The discharge outlets of the bins should be, as far as possible, 
at a convenient height above the railway, though each works 
must be considered separately and local conditions taken fully 
into consideration. It is not Unusual to have the final products 
much below the railway, so that they have to be raised to the 
latter ; when this is the case it will usually be found, on investigation, 
that a cheaper arrangement would have been to have us^d smaller 
wagons or a conveyor to raise the sand or rock to a height sufficient 
to deliver the finished product aboye the top of the railway trucks. 
A typical arrangement of a plant is shown in Fig. 121 (p. 424), btit 
conditions differ so greatly in different works that “standard 
designs” afi> of little value. The skill of the expert is largely 
shown bl an efficient grid economical arrangement of the plant to 
suit local conditions. 




CHAPTER XI 

STORAGE, PACKING, AND DESPATCHING SANDS 

tHE problem of storing, packing, and delivering sands ()r crushed 
rocks is one whiTn need* careful consideration in arranging the 
plant, as its output is largely <£>nt rolled by the storage capacity, 
and a “ bottle neck ” may mAin«a serious loss in working. During 
the winter moifths the preparation of sands is generally discontinued, 
but as there is usually a limited demand for material during these 
months, suitable arrangements should lw> made to provide sufficient 
storage capacity to meet the demand. It is most important that 
this market should not be neglected, as high prieeH can often be 
obtained during the winter months on account of the greater 
scarcity of available sand. 

Manufacturers of crustyd stone* cur usually work all the year 
round, but as the demand is not nearly so great during the winter 
as in the summer, they lmlst either work, the plant at less than 
its lull capacity, or provide storage space for all the material in 
excess of demands. 

# Two methods are available Jor storing Hands, etc. : (i.) storage 
in bins, and (ii.) storage in open piles. * 

It will be obvious that the cost of bins for storing material 
for four months or more would be exorbitant , so tlujf Ifff^eou an titles 
, are usually stored on the ground in piles or “ dump.” The 
Situation of these dumps should be carefully considered, as it 
should fulfil th^ following conditions : (a) It must be suflieienfly 
near to the plant so that dumping can be carried out economically. 
(6) It must not interfere with any other part of the works, and must 
not render any useful material inaccessible, (c) It must be com 
veniently placed so that the sand can be readily loaded into trucks 
for transport by rail, road, water, or whatever means are employed. 
(d) There must be no danger of damage if any sjipping of the 
material in the piles occurs, le) If the sand is likely to remain Tn 
the pile for some time it may require further treatment, such, as 
screening before it is loaded for transport, in which case it must 
be%asily transported to the machine used for such treatments 
Ground storage, when arranged in accordance with fike above- 
mentioned rules and any other local conditions which may arise, 
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Is very cheap, and amply repays the*°<Jst pf stqragk* iOn £he ©th$r 
hand, piles which are badly placed ma^ prove tg be important 
sources of loss. TJio delivering of the materia? to the piles is 
preferably made by means of a belt cyfivevor of ropeway (Figs. 147 
and 148), arranged so as to pass o^er the pile and discharge on to 
• « . ' * 



Flu. 147. -O pen pile 8t#»gc. • 

it. This is by far the cheapest method, provided care ns taken 
in its installation. A canvas belt cs quite satisfactory for sand, 
but rubber is better for crushed stone. The details of construction 
to bo noticed in connection with bolt conveyors art? described on 
pp. 328-335. The conveyor receives the material direct from the 
screens or other parts of the plant, and should he arranged so as 
to give ample tipping space. The conveyor may be discharged 
by any suitable automatic arrangement, such as by scraping or 
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tifting the belt; (Fig. 55). The latter t is better, as it does not abrade 
the surface of. the belt so seriously as a scraper. The serious effect 
of a scraper is due to its being stationary whilst in use ; the damage 
is greatly lessened if the lower part of the scraper consists o i a 
bras# rotter, mounted on ball-bearings and running the length 
of the scraper. The friction between the belt and roller causes 
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Jatct-r te.TOvalyp JV-I rcdi^res tho scraping effect to a 
minimum* t • • • 

The chief clifficully experienced iy contract mg temporary 
piles of sand or siifiilar mafy’ials is due to the fact that an over- 
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head conveyor or ropeway f 01311a a long narrow pile instead of 
a short 'biTKwl one. This an almost inevitable result’ of the 
use of such Appliances. It •nmv be obviated to some extent 
by having the belt or rope supported, on uprights which are pivoted 
near their base, so that their tops may be moved through a con- 
siderable angle to either side of the vertical position (Fig. 14b). 
By this means the centre of the pile may be extended horizontally 
on either side of the vertical supports to a distance equal to the 
maximum height of the pile. Thus, it the pile is J10 ft. high, it 
can by this means In* extended sit as to consist of three separate 
long piles parallel to each other 
and having their centres tf() ft. 
apart. If the angle of repose is 
taken as 40°, the total width of 
tjie three piles will be 1111 ft., <»yd 
as the space between them can 
be filled up level with the top 
of each pile the total amount ni 
material present will be about 2} 

•times as much as if a single pile 
had been formed by the same con- 
veyor with fixed vertical uprights. 

The only difficulty with this ar- 
rangement is the provision of a 
structure to which to attach tin* 
horizontal guy -ropes which a#e 
needed when the supports are in 
a steeply lhclined position. p 

An alternative method is to provide a movable transverse 
belt below the main conveyor (Fig. 150), and to use this to extend 
thto width of the pile. 1 

It is sometimes desirable to have retaining walls* on either 
side of the tip so as to prevent the material spreading too far. 
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Storage in open piles is tnoVe corwftnj.in tip# dBSftntry Qian aijy 
other method, but it is not*really econoihieal if th? pilefi material 
%as later to be loaded by. hand into wagoifs. If is far better to 
store as much as possible of the ma^rial in Bins, so as to avoid 
the cost of rehandling. In addition, the bins keep it clean ; this 
is especially import rfht in iho case* of purer sands such as those 
used for glass- making. % In America, bins are^u^ri far more than 
in this country. , " * * » 

Reloading. — Various melhdds are used for reloading the sand 
or crushed stone# The use of labourers with shovels is the mSst 
common, but if there is a large amount of material lh the pile*' 
it will usually be cheaper to employ a mechanical loading device. 
One of the simplest of these consists in running a bucket loader, 
such as is described on p. 308, up to the pile and loading direct 
into trucks ; or if the rail does not run sufficientlv near to the tip, 
the bucket loader may discharge on tana belt* conveyor which 
conveys the material to the truck#, or to the plant for recrushing 
or screening. * n * * 

Grabs, or any other suitable methods of loading (see*Chapter VII.), 
may also be used, different* conditions necessitating different 
methods of working. 

Another useful method of reloading consists in having a trench 
covered with stout planks beneath the tip. Wagons may be rim 
along the trench and filled from the pile above as in the case of 
a simple hopper. The disadvantage of such an arrangement is ,, 
that the cost of trenching is often as.^roat as the construction 
of a bin of sufficient size. The top of the trench should be sufficiently 
strong to support the .great weight of material piled above # it. 
Such a trench may be built of any convenient size, though if 
railway trucks are to be used it should be at least 15 ft. wide 
and about 15 ft. high. It is of ten ,con venient to arrange the rail/3 
so as to have a slight slope, which aids in passing the trucks through 
the tunnel, or some mechanical haulage device may be provided. 

If desired, ^aVelt^conveyor may be run through the tunnel instead 
of cars, a\ such cases* .the trench need only be about 7 ft. square. 

A further disadvantage of such a trench or tunnel is that the whole 0 
of ’the material cannot be loaded through it, as the lower portion 
of the pile will not slide into the ‘trench. Other means must, 
therefore, bo employed for recovering that portion of the pile, 
or it may be left so as to provide permanent slopes down which 
the upper part of the freshly tipped sand may slide into the tilnnel. 

Storage bins of wood, brickwork?, or concrete are* used for holding 
a .comparatively small amount of material. In most cases, the 
capacity of the bins is only about two or three days’ supply on 
account of the great expense invQlved in their construction ; the 
remainder of the stock on hand is usually stored in open piles 
as described previously. # 

Storage bins usually consist of square, rectangular, or round 
bins, supported on columns, or by other suitable means, and having 
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a conical or inArtgd pvrannd^J hoj^>er at the bottom down which 
the maternal passes* to an Outlet in the base. Other outlets in 
the* sides of th<f bins afe Convenient for loading carts. The outlet# 
should be closed by suitable “ gates * or .Sides, which should 
be .easily operated and yet 'should l>e quite tight when dosed. 
Somo A gates ” are difficult «to use yatisfaetorilv because they 
4 av ft been designed for gravel, or other coarse material, and not 
for sand. A slicte^’kh raekwork mnd jifiiion. if kept projw*rly 
lubricated, is usually tne most satisfadon- “ gate " for sand bins. 
The bins may be of *my convenient height, th^igli an excessive 
height will unduly increase the cost of construction, as the bins 
must lx* designed to withstand the pressure of the sand in them. 
A bin 16 ft. squaw and 48 ft. high from the bottom of the hopper 
to* the top of the bin will hold nearly 400 tons of wind, assuming 
that the mind weighs approximately 1)0 lb. jut cu. ft. ThiN is 
about the maxirwfhi coj|Xgnient size of bins, especially when the 
cost of construction is taken into consideration. Much shallower 
bins are* often used, another yry convenient size being about 
18 ft. squares and 30 ft. high ; # huc1i bins have a rapacity of nearly 
270 tons. • 

The sides of the hopper should slope at an angle of about 
60 degrees with the horizontal so that the sand will readily slide 
down the sides. Too small a slope will cause eloggiug of the sand 
in the hopper, and trouble is then certain to result. 

Ample space should be left beneath the hopjier so that full- 
sized railway trucks ma\» be run* underneath, the rails Ixmcath 
the bins forming a siding from which the trucks can be run on to 
the main line. • # 

*The bins should preferably be covered over with a |iermanent 
roof so as to protect the material from the weather. In some 
cases, the whole of the plant, is erected over the bins, and so serves 
a roof. > 

The details of design and construction of the bins are preferably 
left to a firm skilled in such work, as an accident * suiting from 
defects due to amateur work might be disastrous/ * 

• The material is conveyed to the bins by different means accord- 
ing to the respective locations of the bins and machinery. Wlfen 
the bins are Wblow the machinery, the material may be carried 
from the latter by means of chutes'; whilst if the machinery is below 
the level of the top of the bins, the sand must be* raised by meaiy* 
of elevators and afterwards discharged into the bins. Where 
several bins are to be filled wit )J the same material it may be dis- 
tributed by means of screw or belt conveyors. Grabs (p. 2&7) 
are also used for filling the bins and, if necessary, for lifting matdkd 
from Uhe bins and loading iAto wagons. In this Mjay a bin ran 
be emptied from the bottom and top at the same time. I 

* Bagging or Sacking— The purest sands, such as tho*fe used 
for glass manufacture*, are sometimes packed in sacks for*frahqport. 
The sacks may be filled either by hand or by an automatic machine. 
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The former is preferable for ^mal^jttiantities* hit # whe» mucn 
material is put into sacks or* bags a machine is nest. • * 

Automatic sack-fillers ^Fig. 151) usually conasl of* a balance 
to one arm of which f is attached the (tfid of a tube through which 
the sand passes from the bin or hof>per, weights being attached 
to the other arm. The sack i*s fastened to the end of the discharge 
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Fiq. 151. — Sack-filler. 

{*■ • 

tube and is filled by opening a Yalvc in the tube from the bin. 
When the weights and the sack balance each other, the valve is 
automatically closed and the sack removed and tied.* In some 
forms of bagging machine, the discharge tube is in the form of 
an inverted t and with balances ; one sack is filled by the sand 
passing down one branch of the Y, and the other is filled by reversing 
the feed valve. In this way, the sacks can be filled more quickly 
than' with a plain feeding tube. 


Pe a pat c hyi g fc g and m^Jbe delivered to the customer by 
Various means : f<5r shert|mstances # motor lorries (p. 34Q) are 
probably fhe teat ; f^p longer distances railways (p. 342) or Vater 
carriage (p. 342) is uece^sar*. # • • 

The lorries, trucks, bargdl, etc., which may be used for convey - 
ng loqpe sand should be cleaned cajefnlly before being filled vHth 
;he#material, ami should preferably Jbe kept for conveying sand 
vnd nothing eh^^thcrwise the sand isMble to be contaminated 
by foreign matter, witn results wliich r(taj,\n some cases, be seriouB. 
Where the sand is carped in bags, this precaution not so important, 
though ewen than clean trucks, etc., are preferable to dirty ones. 

Foremost purposes, the sand may be despatched in ordinary 
open trucks, wagons, or barges, as if is not affected by weather, but 
covered conveyances should bo used for specially pure sands, such 
as those used for glass manufacture, etc. 


END OF VOL. 1 







